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Large-scale experimental measurements by 
the Research Laboratories at General Motors 
have helped answer an important question in 
atmospheric science. 

Predictions by some scientists had suggested 
that sulfate emissions from catalyst-equipped 
cars might reach dangerous levels by 1985. An 
unlikely occurrence —only under rare atmo¬ 
spheric conditions and if most cars have catalytic 
converters —but still a possibility, they said. 

To get hard data, the Research Labs set up 
"The Great Sulfate Experiment." It was a public 
test—with the Environmental Protection Agency 
and other government and university researchers 
joining in. 

Scientific evidence was gathered at the GM 
Proving Ground by simulating 1985 traffic. 
During 17 days, a test fleet of 352 catalyst- 
equipped cars rolled past our six testing towers, 
creating rush-hour traffic densities of 5,462 ve¬ 
hicles per hour. 

During this time, sampling for sulfates and 
meteorological data took place at 20 points 
above and at ground level. 

The finding: Roadway sulfate emissions are 
sent aloft by the turbulence and heat generated 
by vehicles. 

It was a key discovery. Atmospheric scien¬ 
tists are now scrapping some old models of dis¬ 
persion from road¬ 
ways and drafting 
new ones based upon 
this unique data. 

What's more, to¬ 
day's catalytic con¬ 
verter system—the 
best solution we now 
know for changing 
some other exhaust 
pollutants into harm¬ 
less gases—is still free 
to do this important 
job. 

If you would like more information on the ex¬ 
periment and its findings, we welcome your inquiry. 



The . 
great sulfate 

experiment. 




General Motors 
Research Laboratories 

Warren, Michigan 48090 
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Hearthe 
light. 


Today, communications may be 
at the threshold of another revolution 
in technology. 

Someday soon, when you make 
a phone call, your voice may be car¬ 
ried between telephone offices as 
pulses of light over a hair-thin glass 
fiber. 

We call this new technology 
lightwave communications. 


Less Cost, Less Space: 

Lightwave communications has 
the potential for carrying enormous 
quantities of information—from phone 
calls to business data to TV pro¬ 
grams—at low cost. And it can do it 
in much less space. 

Right now, we’re testing an ex¬ 
perimental system that can carry 
nearly 50,000 phone calls in a cable 
of glass fibers not much thicker than 
a clothesline. It could do the work of 
several copper cables, each as thick 
as your arm. 

That will allow us to save space 
in the crowded cable ducts under the 
streets of many of our cities. Which 
in turn will lessen the need to add 
new cable ducts to expand service. 

But even carrying that many 
calls uses only a fraction of a light 
beam’s capacity. 

So it will give us plenty of room 
to grow. 


To make lightwave communica¬ 
tions possible, the people at Bell Labs 
and Western Electric attacked a 
number of problems simultaneously. 


What Had to be Done: 


What kind of problems? 

Creating some of the most trans¬ 
parent glass the world has ever known. 

Developing techniques to draw 
the glass into highly precise fibers 
which, despite their tiny size, have a 
complex internal structure that keeps 
the light from leaking out. 

Devising ways to protect the 
delicate fibers from damage, to make 
them into cables strong enough to 
pull through underground ducts, and 
to splice them—a hundred or more 
at a time. 

To generate the light carried by 
the fibers, they developed a tiny, 
solid-state laser smaller than a grain 
of salt. (Today’s design is expected 
to operate continuously for ten years 
or more.) 

To put information onto the light 
beam, they designed equipment that 
turns the tiny laser on and off millions 
of times a second. 

And they developed repeaters to 
regenerate the light signal along its 
way, as well as photodetectors 
at the receiving end to convert 
the light back into an elec¬ 


trical signal that can travel throughout 
the telephone network. 

We think lightwave communi¬ 
cations may prove a long step forward 
in the development of communica¬ 
tions. 

We may put it to use in the 
early 1980’s to relieve cable conges¬ 
tion between major switching centers. 
For special applications, we may use 
it even sooner. 

And it may someday carry 
business data, visual communication 
services and facsimile transmission 
into your home and office._ 

Seeing to It: 


Innovations from Bell Labs and 
Western Electric are put to work by 
your Bell telephone company. That’s 
another reason you have the most 
reliable, least expensive telephone 
service in the world. 

To keep it that way, one of the 
things we’re doing is seeing to it 
that before long you’ll be hearing 
the light. 

One of a series of messages to 
keep you informed of how telecom¬ 
munications technology is changing 
our world—and the part Bell Labs, 
Western Electric and your 
Bell telephone company 
are playing in it. 



Bell Laboratories/Western Electric 














The First Line 

From Suva to Athens in Six Months 

There are no laboratories and textbooks, 
no reliable statistics. To study low- 
technology transportation, Alan Meier 
(see “ Becaks, Bemos, Lambros, and Pro¬ 
ductive Pandemonium'’ starting on page 
56) took to the streets of Southeast Asia. 

He soon learned that government 
sources were not much help. Data on reg¬ 
istrations are sparse; licensing is occa¬ 
sional; and statistics and reality turn out 
to differ by an order of magnitude. So 
most of Mr. Meier’s research was con¬ 
ducted by behaving like a curious tourist: 
identifying vehicle types and then riding 
them, studying their networks and their 
technology, and talking to the people who 
used them, drove them, owned them, and 
repaired them. His nosy questions — 
especially those about economics — were 
politely, even enthusiastically, answered; 
most respondents seemed to assume he 
wanted to buy. Within three weeks of ar¬ 
riving in a city, Mr. Meier says, he often 
knew more about its transport network 
than most natives. 

Newspapers helped especially because 
they recorded current problems and fric¬ 
tions in human terms. Mr. Meier soon 
learned to look for letters, cartoons, and 
editorials as well as news stories, and he 
sought out back issues in English- 
language libraries wherever he went. 

It was hard work, from Suva to Athens 
in six months. But rewarding, says Mr. 
Meier — for himself and, thanks to sharp 
eyes and facile pen, for Technology Re¬ 
view readers. — J.M. 


Letters 

Intimations of Immortality 

The June issue of Technology Review was 
particularly fascinating. The article by 
Frank Drake (“On Hands and Knees in 
Search of Elysium,” pp. 22-29) deserves 
an added comment. 

Dr. Drake didn’t touch on the one prob¬ 
lem I see — synchronicity. Consider the 
time scale, even in rough orders of mag¬ 
nitude. Say the earth (or universe) has an 
age of around 10 10 years. Life on earth 
appeared in the Proterozoic era, 10® years 
ago. Man appeared in the last 0.1 per cent 
of this “age of life” — 10 6 years ago. Ar¬ 
chaeological history digs into only 1 per 
cent of this human period — 10 4 years. 
Scientific investigation has a span of 10 3 
years, while electronic communication 
has been in existence only 10 2 years. Of 
this, space communication is only within 
the last 10 1 years. 

Even if intelligent beings were time- 
coincident with us to within ± 1 per cent, 
we could still be off 100 million years! 
This would give our search either a very 


long wait, or we’ll be playing “whatever 
happened to. ...” 

John D. Fogarty 
Columbia, Md. 


Having visited the installation at Arecibo, 
which is fascinating both scientifically and 
aesthetically, I was happy to see it fea¬ 
tured in the June issue of the Review. De¬ 
spite its fixed position, Arecibo has been 
the site of magnificent work in receiving 
the signals of radio stars, in tracking satel¬ 
lites, and in exploring planets by radar. 
However, I fear that the search for com¬ 
munications from “other worlds” is 
doomed to frustration, and not less so if it 
succeeds than if it fails. 

Three dimensions of the space-time 
continuum are commutative: you can go 
east and west, north and south, there and 
back. But the fourth dimension, time, is 
inexorably one-way. And the overwhelm¬ 
ing percentage of objects in the universe 
are so distant that when we do receive a 
message from somewhere out there, re¬ 
sponses may take centuries or millenia to 
travel. So on that hoped-for day when a 
signal arrives from an intelligent being, it 
will probably amount to hearing a rap on 
the door, and calling out, “Who’s there?” 

Then silence. Maybe our remote de¬ 
scendants will hear the answer. 

Arthur Morgan 
New York, N.Y. 


Dr. Drake replies: 

Mr. Morgan is entirely correct that the de¬ 
tection of another civilization may set a 
record in frustration. We think it is 1,000 
light years to the nearest civilizations; 
thus the simplest dialogue takes a mini¬ 
mum of 2,000 years, which to anyone is 
greatly discouraging. 

Those of us involved in the search for 
extraterrestrial intelligence see two path¬ 
ways around the problem. First, they are 
aware of the problem, and can solve it by 
sending us, before we ask, the information 
we want to know, or should know even if 
we are not smart enough yet to realize it. 
Some astronomers have even concluded 
that transmitting civilizations will nor¬ 
mally send two signals, one a strong, 
narrow-band signal designed to attract at¬ 
tention, but to say nothing other than the 
frequency at which to listen to the in¬ 
teresting information. This second infor¬ 
mation channel could be broad-band, 
with a high information rate, and would 
demand the application of expensive and 
sophisticated equipment, such as the radio 
telescope at Arecibo (Cyclops). But we 
should then be motivated to invest the re¬ 
quired resources. It doesn’t take many 
minutes to send the entire Encyclopedia 
Britannica on such a radio link. 

The alternative is to intercept the sig¬ 
nals of the other civilization, such as TV, 
and deduce the information (and misin¬ 
formation, perhaps) one would like to 


know. This again calls for much larger in¬ 
struments than are common today, in¬ 
struments as large as Cyclops. 

The quarantine imposed by vast in¬ 
terstellar distances is not just one of dis¬ 
tance, but also of time. Most important, 
even if we discovered a civilization tomor¬ 
row, we would still need Cyclops. 

What Is This Thing Called Nessie? 

I find it hilarious that a pair of elephant 
seals appear to have caused all that scien¬ 
tific to-do (“Search for the Loch Ness 
Monster,’’ March!April, 1976, pp. 25- 
40). 

These curious and intelligent mammals 
were probably looking the scientists over 
in their boat when the scientists had a 
strong feeling of another presence. 
Elephant seals have much better night vi¬ 
sion than man. They also use echoloca- 
tion, so that they would have little 
difficulty with low water visibility. Their 
special skeletal structure allows them to 
stretch their necks rather surprisingly. 
Camera distortion made this look much 
longer. Back scatter seems to have exag¬ 
gerated their body surface irregularities. 

Apparently they seldom get much more 
than their nostrils and eyes above the 
water except when they come ashore to 
mate. 

George D. Ray 
Libertyville, Ill. 

A medium-sized giant squid seems a 
reasonable candidate for the Loch Ness 
monster, but conclusive identification 
must await an actual sample, either of a 
complete individual or a portion. Since 
harvesting with a net is not feasible due to 
the underwater topography, if the animal 
is indeed a squid, it could be attracted by 
the strobe and an effort made to secure a 
piece of tentacle, arm, or mantle. Har¬ 
poons or explosives which might be effec¬ 
tive in capturing a plesiosaur would be of 
little assistance with a squid. In any case, 
better photographs may resolve the issue. 
Some use might also be made of sensitive 
sonar which might be able to detect the 
difference between the “hard” echo of 
plesiosaur flesh and the “soft” damped 
echo of squid mantle. 

We look forward to a definitive descrip¬ 
tion of the creature and are not distressed 
that it has taken so long. After all, giant 
squids themselves were not scientifically 
authenticated until 1873. 

Bonnie Dalzell 
Jan Galkowski 
Bruce Schatz 
Yorktown Heights, N.Y. 

The long neck, beak, size, aquatic habitat, 
flippers, and fish-eating characteristic of 
the turtle make it a likely candidate for the 
Loch Ness monster. 

Continued on p. 17 
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Richard Feynman lecturing on physics 

is like Ben Franklin 
discussing statesmanship 
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The Feynman\ 

LECTURES ON PHYSICS 

Volume I: Mainly Mechanics, Radiation, 
and Heat 

519 pages, 342 illustrations 

Volume II: Mainly Electromagnetism and 
Matter 

560 pages, 446 illustrations 

Volume III: Quantum Mechanics 
376 pages, 192 illustrations 

By Dr. Richard P. Feynman, California 
Institute of Technology, Dr. Robert B. 
Leighton, California Institute of Technol¬ 
ogy, and Dr. Matthew L. Sands, Stanford 
University 


“The freshness of viewpoint, the accuracy of statement, and the rich¬ 
ness of the material are striking. Reading this series is at times a 
breathtaking experience."—H. H. Frank, Massachusetts Institute of 
Technology. 


Here, skillfully edited, are Professor 
Feynman's celebrated lectures delivered 
at the California Institute of Technology. 
Described by countless scientists as 
"classics", these reference books are in¬ 
valuable to you, whatever your field of 
specialization might be. Vital ideas, cover¬ 
ing every aspect of the subject, and clear 
explanations are two reasons these vol¬ 
umes have been so widely acclaimed. 

Recipient of the Nobel Prize in Physics, 
Albert Einstein Award, E. O. Lawrence 


Award, Oerstad Medal, and Richard Chace 
Tolman Professor of Theoretical Physics — 
Richard P. Feynman's work has played a 
vital role in the advancement of today's 
science. 

And now they are available to you in 
paperback at a savings of nearly 50%I Yes, 
the complete three volume set is offered 
to you for only $21.95 a savings of more 
than Fifteen dollars over the hardcover 
price! Send the attached coupon for a 15- 
day free examination today. 


Mail Order Department 

ADDISON-WESLEY PUBLISHING COMPANY, INC. 
Reading, Massachusetts 01867 


15~Day Free Examination Save more than $15 over hardcover edition! 

Please send me_set(s) of The Feynman LECTURES Name_ 

ON PHYSICS (2T15) $21.95. A check for $_is en¬ 

closed (residents of Cal., Ga., Ind., La., Mass., N.Y., and 
N.C. add sales tax). I understand I may return the book(s) 
within 15 days of receipt for a full and prompt refund. 

□ Please charge to my □ Master Charge, □ BankAmericard 


Address _ 


City_ 


-Zip- 


mail to: 


L 


expiration date 
name 


for Master Charge: four digits above 


Mail Order Department 

ADDISON-WESLEY PUBLISHING COMPANY, INC. 
Reading, Massachusetts 01867 14000 


J 
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The Hunting 
of the Quark 


Using the controlled violence of high- 
energy accelerators and the powerful logic 
of modern mathematics, scientists may 
have opened the lid of Nature’s smallest 
Chinese box to discover at last the “indi¬ 
visible particles” from which all matter is 
formed. 

The Holy Grail of modern physics has 
been the discovery of particles without 
internal structure. Once all these particles 
have been found, their properties 
catalogued, and the rules of their interac¬ 
tions elucidated, the simple patterns 
which underlie the almost unimaginable 
variety of the universe should snap into 
focus. 

Now this quest may be nearing its end. 
Recent discoveries in particle physics 
favor a theory which postulates the exis¬ 
tence of unlikely particles called ouarks 
and endows them with properties whimsi¬ 
cally labeled flavor, charm, and color. But 
there is a good chance they will be impos¬ 
sible to detect directly. 

Particle Grace 

Four primitive panicles have already been 
discovered, called leptons, from the Greek 
word “leptos,” meaning small. The best 
known of these is the electron. Other 
members are the muon and two types of 
neutrino. These particles behave like 
points: they are very small, and have 
never been known to break down into 
other panicles. 

Protons and neutrons, however, are not 
at all like leptons. When slammed to¬ 
gether at nearly speed-of-light velocities in 
the evacuated toruses of particle ac¬ 
celerators, the constituents of their nuclei 
shatter into hundreds of different parti¬ 
cles. These particles have a measurable 
size, about 10 -13 cm, and appear to have 
an internal structure. Scientists have 
dubbed them hadrons because they are 
thick and heavy. 

Besides their apparent complexity, had¬ 
rons have another characteristic that dis¬ 
tinguishes them from leptons. They are 
subject to the “strong force” which is 100 
times stronger than electromagnetism and 
provides the glue that cements the nucleus 
together. Without the strong force there 
would be no chemistry. 



In 1962, Murray Gell-Mann of 
California Institute of Technology and 
Yuval Ne’eman of Tel Aviv University in¬ 
dependently discovered that hadrons, the 
superabundant prodigy of high-energy 
physics, have an underlying order. Dr. 
Gell-Mann and George Zweig, also of Cal 
Tech, went on to explain that these unex¬ 
pected regularities could be understood if 
all hadrons were composed of three basic 
particles and their antiparticles. (An an¬ 
tiparticle is the mirror image of an ordi¬ 
nary particle. It has the same mass but 
opposite characteristics, such as electric 
charge.) Dr. Gell-Mann called these 
“quarks” from a line in Finnegan's Wake: 
“Three quarks for Muster Mark!” 

“Quarks are at once the most reward¬ 
ing and the most mystifying creation of 
modern particle physics,” says Harvard 
University theoretician Sheldon Lee 
Glashow. 

To explain events in the subatomic 
realm, physicists have adopted a conven¬ 
tion called the quantum number. They 
have found that the actions of quarks can 
best be explained by assuming that certain 
properties vary only by discrete amounts, 
not continuously. These amounts are 
called quanta. 

Originally, quarks embodied eight dif¬ 
ferent quantized properties. Some — elec¬ 
tric charge and spin, for example — are 
readily understandable. Others, such as 
strangeness and baryon number, are less 
easily grasped, and explain why quarks 
combine into some particles and not into 
others. 

For instance, hadrons break down into 
families: baryons and mesons. It was dis¬ 
covered that the baryons could only be 
created and destroyed as baryon- 
antibaryon pairs. So scientists gave ba¬ 
ryons a “baryon number” of +1, antiba- 
ryons —1, and mesons 0. Then they made 
the rule that in any interaction, the sum of 
the baryon numbers cannot change. Fol¬ 
lowing this arbitrary rule keeps a meson 
from becoming a baryon without forming 
an antibaryon partner. 

Baryons are thought to be made from 
three quarks, antibaryons from three an¬ 
tiquarks, and mesons from a quark- 
antiquark pair. Therefore quarks are as¬ 


signed a baryon number of 1/3 and an¬ 
tiquarks — 1/3. Thus the quark model re¬ 
mains consistent with baryon conserva¬ 
tion. 

In 1964, Dr. Glashow proposed a 
fourth type of quark having another 
quantized property which he called 
charm. His theory explains why certain 
interactions, not inhibited by the three- 
quark model, are extremely rare. With 
two pairs of quarks, a second reaction 
path is available which almost cancels out 
the reaction predicted by the three-quark 
model. 

The fourth quark is assigned a charm of 
+ 1, its antiquark a charm of —1. All the 
other quarks and antiquarks are believed 
to lack this peculiar form of particle grace. 

Dr. Glashow’s theory predicted that 
particles containing charmed quarks re¬ 
mained to be discovered. To account for 
the fact that they had not yet been ob¬ 
served, Dr. Glashow made his charmers 
the most massive of the four quarks. 

The Color of the Quark 

The theory remained untested until 
November, 1974, when news came from 
Brookhaven National Laboratory and 
Stanford University that a new particle — 
the J-particle — had been discovered. It 
has a lifetime 1,000 times longer than is 
typical for hadrons of its mass. 

Since then, theoreticians have become 
increasingly convinced that the particle — 
and its nine relatives subsequently discov¬ 
ered — are best described as combinations 
of charmed and anticharmed quarks. 
Only last summer, a candidate for a 
“nakedly charmed” particle, composed of 
a charmed quark and an uncharmed an¬ 
tiquark, was found. 

This October, Samuel C. C. Ting of 
M.I.T. and Burton Richter of Stanford, 
leaders of the two teams that indepen¬ 
dently identified the J-particle, were 
jointly awarded the Nobel physics prize 
for their discovery. 

Yet there is more to the world of the 
quark than charm. An even more abstract 
theory, proposed independently by 
Yoichiro Nambu of the University of 
Chicago and A. Tavkhelidze, a Soviet sci¬ 
entist, describes a quark’s “color.” Color 
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reconciles quark theory with a basic tenet 
of modern quantum physics: the special 
relationship between a particle’s spin and 
its interaction with its twin. If their quan¬ 
tized spin is integral — 0,1,2,. . . — an un¬ 
limited number of particles can come to¬ 
gether in one state. But if they have half¬ 
integer spins — 1/2, 3/2, 5/2,. . . — then 
there is room for only two particles spin¬ 
ning in opposite directions in each energy 
state. 

Electrons have half-integer spins and 
obey the second rule. The result is the reg¬ 
ularly varying electrical structure of the 
elements which gives rise to the periodic 
table. 

Quarks, however, seem to violate this 
rule. They, too, must have half-integer 
spins for the angular momentum of the 
various hadrons to be predicted. But 
quark rules call for three identical quarks 
to combine to form three baryons. If the 
three quarks were different, then this ap¬ 
parent conflict would vanish. Thus quarks 
may have different “colors.” 

But it is color of a strange sort. As Dr. 
Nambu has worked it out, quark color is 
normally invisible. Quarks come in the 
three primary hues: red, green, and blue. 
Antiquarks are painted in complementary 
fashion: cyan, magenta, and yellow. 

Hadrons, made up of three quarks, 
combine red, blue, and green in a whirling 
carousel of color. As with a spinning color 
wheel, they appear white. And mesons 
which combine a primary color and its 
complement would also appear colorless. 

Color has come to assume an increas¬ 
ingly important role in quarkdom, since it 
may be intimately related to the force that 
binds quarks together. Color may be in 
some way analogous to electric charge. 
Quarks may change color by exchanging 
massless and hypothetical particles 
nicknamed gluons — so called because 
they “glue” the hadrons together, and 
thus bind them tight. 

If this is the case, then the strongest 
force known in the universe — that which 
binds the protons and neutrons in the nu¬ 
cleus together and is the source of the 
energy of the hydrogen bomb — may be 
only a pale reflection of considerably 

Continued on p. 7 / 



Jumping Jehoshaphat 

Among the formulas and notes on the 
bulletin board in M.I.T.’s Building 44 
on the morning of last October 18 was 
a big letter “J” serving as the initial for 
four words: "joyful,” “jubilant,” and 
"jumping Jehoshaphat.” The celebra¬ 
tion was only a bit dampened by the 
fact that Professor Samuel C. C. Ting, 
who had just been announced as co¬ 
winner of the 1976 Nobel Prize in 
physics, was in Geneva, preparing ex¬ 
periments for the large accelerator at 
cern, the European Nuclear Research 
Center. 

When Bta&MiMMr Tmg ^returned to 
Cambridj ^, (above, right)_J e was smil¬ 
ing from eartBTa^TOTne limited his 
public response to citing the many 
co-workers at M.I.T. and Brookhaven 
National Laboratory who had helped 
with the experiments which led up to 
the discovery announced iaN'ovember, 
1974. WrP 

Professor Burton Richter, who was 
at home in Stanford, Calif., when the 
news came, seemed “almost over¬ 
whelmed,” according to Robert Cooke 
of the Boston Globe. “This is one thing 
that never happens in most physicists’ 
lifetimes,” he told the press (above, 
left). “I’m delighted, pleased, stunned, 
and surprised.” 

Professor Richter has been on the 
faculty at Stanford University since 
1956, when he finished his Ph.D. in 
high-energy physics at M.I.T. He en¬ 
tered the Institute as a freshman in 
1948, and all his degrees are from 
M.I.T. Professor Ting was raised in 


— It’s a Nobel! 

China, first on the mainland and later 
in Taiwan, before coming to the Uni¬ 
versity of Michigan, his father’s alma 
mater, to study physics in 1956. Pro¬ 
fessor Ting has been at M.LT. since 
1967, devoting most of his time to 
high-energy physics research and 
graduate-level teaching. 

The Royal Swedish Academy of Sci¬ 
ences said that the experiments of Pro¬ 
fessors Ting and Richter, performed 
independently and reported simul¬ 
taneously almost by chance, had re¬ 
vealed the existence of a fundamental 
particle of matter that is “something 
separate and new ... A new field of re¬ 
search has been opened.” 

Professor Min Chen of M.I.T., one 
of Professor Ting’s colleagues in the 
work leading to discovery of the 
J-particle, told Mark Munkacsy of 
M.I.T.’s student newspaper, The Tech, 
that “before November, 1974, no one 
took these ideas (about quarks and 
their special qualities of flavor, charm, 
and color) seriously; now everyone in 
physics is working on it. Physics has 
changed.” 

Science News speculated that the 
1976 Nobel Prize established a record 
for speed between the time of discov¬ 
ery and time of the award. But Pro¬ 
fessor Richter had a modest answer: 
the fact that his and Professor Ting’s 
identical findings resulted from two 
very different experiments performed 
independently represented “instant 
confirmation,” he said. — J.W. 
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Toward a 

Normative 

Science 



Technology/Society 

by 

Kenneth E. Boulding 


A legend has it that science is a white 
knight who lives only in the valley of fact 
and that philosophy, religion, and the arts 
are beautiful damsels who live only in the 
valley of values. 

Like most legends it contains only a 
glimmer of truth. Somewhere down the 
one valley are facts that are just so 
whether anyone likes it or not. Somebody 
once said the only verities in the universe 
are tt and e, and these do seem remark¬ 
ably impervious to human values. There is 
a story that a state legislature once de¬ 
creed that 7 r should be 3, both on the 
grounds that the Bible says so (the great 
tank in the temple was 10 cubits across 
and 30 cubits around according to I 
Kings, 7:23) and also because 3 would 
be easier for schoolchildren to manage. 
But neither human values nor wishes nor 
prayers nor legislation can make tt equal 
to 3. Both measurement and mathematics 
defy every' human value that might make 
them otherwise. 

There is certainty in the realm of values, 
as well, though it is not so dramatic as n. 
Tertullian believed because to believe is 
absurd; so do we all, whether we believe 
in Christ or socialism or democracy, or 
even in science. Even the skeptic makes a 
leap of faith, “believing where we cannot 
prove,” as Tennyson says. And the most 
absurd belief of all — that there is a “real” 


world — is shared by nearly everyone, be¬ 
cause our values demand it. 

As we pursue any value or fact, howev¬ 
er, we skirt the valleys of science and values 
to find ourselves in a bog of ambiguity. 
Heisenberg showed that there is no 
physics without a physicist, no knowledge 
without a knower. Anthropologists per¬ 
ceive science as a subculture defined by its 
own values and helpless without them. It 
is a culture, for instance, which places a 
high value on veracity and curiosity, 
which political cultures and many folk 
cultures tend not to share. The water of 
the river of science flows from the great 
bog: there are no facts without perception 
and there is no perception without values. 
At all the gates of the mind there are cen¬ 
sors, or so the perception theorists tell us. 

Ail moral values rest on assertions of 
fact. The moralists build their fence with 
thou-shalt-nots, because they say on 
the other side of the fence are cliffs and 
unfriendly beasts, and so it is good to stay 
on the right side. Constantly they are 
questioned. People jump over the fences 
and push up the valley. Sometimes they do 
not return and are lost in the bog; some¬ 
times they do return and say that the other 
side of the fence is not what we think, and 
we move the fence. This watershed do¬ 
main is very large. Here values are con¬ 
stantly changed by changing perceptions 


of fact; perceptions of fact are constantly 
changed by new values. But the process is 
obscure and we constantly lose our way 
toward the higher ground. 

I shall offer an outrageous proposal: we 
should drain the bog and build a city, and 
its name should be “normative science.” 
Enough of valleys and bogs. 

Normative science is the serious dis¬ 
ciplinary study of the process of human 
valuation as an aspect of human learning 
and knowledge. It would pay particular 
attention to the meaning of our percep¬ 
tions of whether things are going from 
bad to worse or from bad to better. It 
would study the dynamics of the world 
system and the relation of our perceptions 
to those dynamics. It would look at 
human decisions, which always involve a 
perception of better or worse alternatives. 
It would not be afraid to ask whether 
truth resides in perceptions of value, as it 
does (we hope) in perceptions of fact, 
though it might not come up with any 
easy answers. 

The discipline of normative science 
would draw on the skills of many, 
perhaps most, of the existing disciplines. 
It could even begin with the forerunners 
of human valuation — valency in chemis¬ 
try, preferences in animals. It would call 
upon genetics and physiology to study the 
construction of genetic values which are 
deeply involved in those patterns of be¬ 
havior which it is no longer fashionable to 
call instinctual. It would command much 
from developmental psychology and from 
the study of human learning, which is cer¬ 
tainly the core of the human valuation 
process. It would rely heavily on econom¬ 
ics, which of all the social sciences 
perhaps comes closest to being a norma¬ 
tive discipline. 

It may be that, just as all science can 
really do is to tell us what is not true, and 
define the coasts of error that bound the 
vast continent of unknown truth, so nor¬ 
mative science can only tell us what is not 
good, what is unjust, and what is not our 
duty, again bounding a great continent of 
unknown verities. But these boundaries 
are useful. The failure to understand them 
or to narrow them can get us into serious 

Continued on p. 72 
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Science at the Hands 
of Carter and Congress 



Washington Report 
by 

Colin Norman 


When Jimmy Carter moves to Washing¬ 
ton on January 20, a number of important 
science policy matters will await his atten¬ 
tion. Though few of them are likely to 
rank high among Mr. Carter’s political 
priorities, they are cherished by members 
of the scientific community. How Mr. 
Carter tackles them will have a lasting 
impact on the nation’s science and 
technology. 

The issues range from such fundamen¬ 
tal matters as the erosion in support for 
many areas of research and development 
that has occurred over the past decade, to 
such nuts-and-bolts items as the appoint¬ 
ment of top bureaucrats and advisers in 
Washington’s sprawling science bureau¬ 
cracy. The new president will also be 
faced with politically touchy nuclear pol¬ 
icy decisions: whether to permit reprocess¬ 
ing of spent nuclear fuel and recycling of 
plutonium in power reactors, and whether 
to allow the liquid metal fast breeder reac¬ 
tor program to proceed at its present pace. 
Also ripe for a presidential decision is the 
question whether to reorder priorities in 
the nation’s $2-billion biomedical re¬ 
search effort. 

The election campaign yielded few clues 
to Mr. Carter’s positions in those areas. 


Science was pushed aside for more im¬ 
portant matters such as Mr. Carter’s 
Playboy interview and Mr. Butz’s racist 
remarks. Consequently, considerable un¬ 
certainty hampers the federal agencies re¬ 
sponsible for science and technology. As 
the lame duck Ford administration goes 
through the make-believe of preparing a 
budget which will be swiftly revised by the 
incoming administration, many top of¬ 
ficials are quietly looking for jobs. 

Money and Power 

There is at least one certain element in the 
new administration’s science policy ar¬ 
rangements: Mr. Carter will have a sci¬ 
ence adviser who will also double as the 
head of the White House Office of Science 
and Technology Policy (O.S.T.P.). That 
much is assured by the fact that O.S.T.P. 
and the science adviser post were estab¬ 
lished earlier this year by an act of Con¬ 
gress, and it would require another act of 
Congress to get rid of them. What status 
the adviser will have in a Carter White 
House remains to be seen, however. 

About the only clue we have so far is 
that, in response to a question from 
American Physical Society President 
William Fowler, Mr. Carter said that his 



science adviser would “provide a perma¬ 
nent and high-level relationship between 
the White House decisionmaking process 
and the scientific community.” Since the 
question and answer were going to appear 
in the A.P.S. magazine Physics Today at 
the height of the campaign, he could 
hardly have said otherwise. A more tangi¬ 
ble sign of the status of the office will be 
the expertise of the person Mr. Carter 
chooses to head it. 

The present incumbent, Guyford 
Stever, has already signalled his intention 
to depart. As head of the National Science 
Foundation for four years and science ad¬ 
viser during the waning weeks of the Ford 
presidency. Dr. Stever has been a team 
player in the Republican administration, 
and he is generally regarded as having 
done an effective job in difficult times. 
Rumored to be in line to succeed him are 
Lewis Branscomb, head of research and 
development at I.B.M., and Harold 
Brown, President of California Institute of 
Technology. Either choice would be evi¬ 
dence that Mr. Carter intends to follow 
through on his promise to make his sci¬ 
ence adviser an important man in the 
White House. 

One of the chief items on the agenda of 
Mr. Carter’s science adviser will be to at¬ 
tend to the decline in purchasing power of 
budgets for science and technology, and 
the instability in funding for some areas of 
research. Though Mr. Ford’s budget pro¬ 
posals for fiscal year 1977 treated science 
and technology relatively well, until that 
time, real support for science and 
technology had been steadily declining, to 
reach a level well below the peak of the 
late 1960s. Moreover, the past decade has 
witnessed large injections of funds in fash¬ 
ionable areas of research, such as en¬ 
vironmental research, later superceded by 
energy research and development and 
cancer research, while other areas have 
been relatively neglected. 

Though many of the scientists’ com¬ 
plaints are exaggerated and more than a 
bit self-serving, there’s some evidence that 
the erosion of support is being reflected in 
such indicators as declining innovation, 
patent balances, and so forth. A quick 
glance through the National Science 



Drawing: Mike Peters; United Feature Syndicate 
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Board’s latest report, Science at the Bicen¬ 
tennial, leaves little doubt of the depth of 
concern among the scientific community’s 
top brass. 

The report is a collection of letters from 
several hundred top research and devel¬ 
opment directors and laboratory chiefs. It 
lists declining government funding, par¬ 
ticularly for basic research, as the top 
concern of the scientific community’s 
leadership. All told, the report presents a 
gloomy assessment of the state of Ameri¬ 
ca’s scientific enterprise. Complaints are 
directed to the growing bureaucratization 
of government research and development, 
excessive government regulations which 
have shifted research activities into non¬ 
productive areas, and so forth. For sheer 
hyperbole, the letter of Dr. Harold Ag- 
new, Director of the Los Alamos Scientific 
Laboratory is hard to beat. Growing 
bureaucracy and red tape “will in the not 
too distant future completely eradicate 
our nation’s world position in research 
and technology,” he suggested. 

Thus Mr. Carter is inheriting a dis¬ 
satisfied scientific community; it would be 
unrealistic to expect that his entry into the 
White House will rapidly dispel those 
concerns. Science and government will 
never return to the productive partnership 
of the 1950s and early 1960s. Accounta¬ 
bility and government bureaucracy are es¬ 
tablished facts of life, and scientists, like 
everyone else, are going to have to live 
with them. But it will help to have some¬ 
body in the White House attuned to the 
concerns of the scientific community, as 
Mr. Carter claims to be. 

Committee Shuffle 

The new lineup on Capitol Hill is as un¬ 
predictable as the new presidential admin¬ 
istration. 

The House Committee on Science and 
Technology, which oversees the activities 
of such agencies as the National Science 
Foundation (N.S.F.), the National Bureau 
of Standards, and parts of the Energy Re¬ 
search and Development Administration, 
lost several members in the last elections. 
James Symington (D.-Mo.), the chairman 
of the subcommittee which has authority 
over N.S.F., gave up his House seat to run 
(unsuccessfully) for the Senate. A shrewd 
legislator, Mr. Symington has been a key 
defender of N.S.F. and has steered the 
agency through a minefield of right-wing 
attacks. But his loss will at least be par¬ 
tially balanced by the fact that one of 
N.S.F.’s most vocal attackers, John Con- 
lan (R.-Ariz.) also gave up his house seat 
to run for the Senate. Another loss in the 
Science and Technology Committee is 
Ken Heckler (D.-W.Va.), who was de¬ 
feated in a primary election for the gov¬ 
ernorship of West Virginia and failed to 
retain his House seat in a write-in cam¬ 
paign against the official Democratic can¬ 
didate. Mr. Heckler was chairman of the 
subcommittee on fossil fuels. And finally, 
the committee’s ranking Republican, 


Charles Mosher (R.-Ohio) is retiring at 
the end of this year. 

Changes in the Senate are even more 
dramatic. Frank Moss (D.-Utah), Chair¬ 
man of the Senate Committee on 
Aeronautical and Space Science, was de¬ 
feated in his bid for a third term, and John 
Tunney (D.-Calif.), Chairman of a Com¬ 
merce subcommittee on science and 
technology, was ousted by conservative S. 

I. Hayakawa. Both men were influential in 
scientific matters. 

A particularly important development 
for scientific affairs is likely to be decided 
when the Senate reconvenes early in 
January. Under a plan proposed by a spe¬ 
cial select committee, the Aeronautical 
and Space Science Committee would dis¬ 
appear, and responsibility for most 
civilian research activity would be given 
to an expanded Commerce Committee. 
Energy research and development would 
be overseen by a revamped Interior 
Committee, and biomedical research 
would become the charge of a new Com¬ 
mittee on Human Resources. Military sci¬ 
ence and technology would stay under the 
jurisdiction of the Armed Services Com¬ 
mittee. 

The reorganization plan is already 
foundering, since it would abolish several 
committees and subcommittees whose 
chairmen aren’t eager to relinquish au¬ 
thority, but chances for some realignment 
of Senate committees are generally 
deemed promising. If the proposals are 
ratified, several new people will assume 
positions of power over scientific matters. 

One committee that will probably be 
disbanded is the Joint Committee on 
Atomic Energy, which has dominated nu¬ 
clear policies for more than a quarter of a 
century. The proposed Senate committee 
realignments would shift most of the joint 
committee’s jurisdiction over nuclear de¬ 
velopment to the Interior Committee; 
alternatively, the House Democratic 
caucus advocates distributing nuclear pol¬ 
icy among some four House committees. 
The joint committee is particularly vul¬ 
nerable this year because five of its nine 
Senate members, including the chairman, 
John Pastore (D.-R.I.), have either retired 
or were defeated at the polls. The commit¬ 
tee has also been attacked in the House 
for its staunchly pro-nuclear record. 

So there will be many new faces in 
Washington’s science policy circles. The 
next few months should be very interest¬ 
ing. 

Colin Norman is Washington Corre¬ 
spondent for Nature and a regular con¬ 
tributor to Technology Review. 
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Economic Growth and 
Environmental Well-Being 


Technology/Environment 

by 

Ian C.T. Nisbet 



Environmentalists are often portrayed as 
being opposed to all economic growth, 
and hence in some way opposed to social 
welfare and “progress.” The charge is 
fundamentally baseless, because all en¬ 
vironmentalists — however frugal their 
habits — support growth in some sectors 
of the economy which they regard as so¬ 
cially beneficial. Where environmentalists 
differ from conventional economists is in 
the way in which they assess net social 
benefits. They examine with unusual 
thoroughness both the direct and indirect 
effects of economic activities, and in con¬ 
sequence are not so automatically enthu¬ 
siastic about growth as their more tradi¬ 
tional colleagues. 

In hard economic times, it is easy for 
demagogues to oppose environmental 
measures as being anti-growth (or, worse, 
anti-jobs). But a look at the differences be¬ 
tween conventional and environmental 
economics prompts a very different con¬ 
clusion. 

Chamber-of-Commerce Economics 

Everyone wants to increase net social wel¬ 
fare, but a fundamental and unsolved 
problem in economics is deciding what ac¬ 
tivities contribute to this improvement. 
Conventional economic indicators such as 
the Gross National Product include all 
transactions which involve transfers of 
money. If one assumes that all economic 
activity conveys net benefits, growth in 
gnp must be a good index of economic 
advancement. This argument is sometimes 
referred to as “Chamber-of-Commerce 
Economics,” as it is vigorously used by 
Chambers of Commerce to promote local 
economic growth. Despite its naivete, it is 
still the basis of official economic policy in 
most countries of the world. 

The argument has two obvious flaws, 
however: intangible (unmeasurable) costs 
and benefits are not included in the GNP; 
and much economic activity makes 
questionable or even negative contribu¬ 
tions to net social welfare. For example, in 
Chamber-of-Commerce economics ciga¬ 
rette smoking brings almost unmitigated 
economic benefits. It provides income for 
tobacco farmers and their suppliers, pro¬ 
cessors, manufacturers, wholesalers, and 


retailers. If smokers fall sick, their medical 
treatment involves economic activity and 
those costs are counted into the gnp. Even ' 
when smokers die prematurely, this has 
little effect on economic activity, because 
most of them die near or after the end of 
their productive lives. (Indeed, to the ex¬ 
tent that their premature death lightens 
the welfare burden, it would be counted in 
some schemes as a benefit.) Intangibles 
such as the pleasure experienced by smok¬ 
ers or the suffering of cancer victims are 
not included in this simple tally of benefits 
and costs. (But under an objective system 
for weighing intangibles, one would have 
to conclude that the former outweighs the 
latter, since smokers voluntarily assume 
the risks in order to gain the benefits.) 

Of course, economists have long been 
aware of this basic confusion between 
costs and benefits, and a number of at¬ 
tempts have been made to devise eco¬ 
nomic indicators that will represent the 
net rather than the gross social effects of 
economic activity. However, only a few of 
the negative effects can be evaluated in 
numerical terms, and some of these elicit 
only minor modifications of the conven¬ 
tional gnp. The distinctive feature of en¬ 
vironmental economics is that it demands 
the proper assignment of negative values 
to all socially harmful effects of economic 
activities, including intangible effects such 
as health and ecological costs, noise, in¬ 
convenience, and crowding. And in these 
terms cigarette smoking is clearly a net 
burden on society — and so, probably, are 
other economic activities which are less 
often questioned, such as the burning of 
coal, the raising of animals for meat, or 
the use of automobiles. 

Another major difference between con¬ 
ventional and environmental economics is 
their treatment of resource depletion. 
Most of the genuine wealth of society is in 
the form of “hardware” (machinery, 
equipment, fertile soil, buildings, con¬ 
sumer goods, etc.). Although much eco¬ 
nomic activity involves “software” (edu¬ 
cation, communications, recreation, etc.), 
it is in general dependent on the flow of 
materials and energy through society. 
Only a mild caricature of our economic 
system would say that it functions primar¬ 


ily by extracting materials from the 
ground, using them for varying periods, 
and ultimately returning them to the 
ground as wastes. (Some of the wastes go 
into air and water also, as pollution, and 
we are working hard to rationalize the 
system by transferring these wastes back 
to the land where they really belong.) 
Each step in the flow of materials through 
the economy requires the use of energy — 
in most cases fossil fuels — and the mate¬ 
rials are ultimately discarded in a state of 
higher entropy than that in which they 
were extracted. 

This process of destruction and degra¬ 
dation of natural resources — which 
economists quaintly choose to call “pro¬ 
duction” — is a primary concern of en¬ 
vironmentalists. In Chamber-of-Com- 
merce economics, rapid flow of materials 
and energy is regarded as providing ben¬ 
efits throughout the economy; hence “in¬ 
dustrial output” is a leading economic in¬ 
dicator. Environmental economists, on 
the other hand, argue that genuine wealth 
is generated by using materials, not by de¬ 
grading them or discarding them: hence 
reuse and recycling are better than con¬ 
sumptive uses. Any net flow of material 
(“throughput”) represents depletion of a 
basic resource and should therefore be re¬ 
garded as a cost to the system. In the 
words of E. F. Schumacher: “Since con¬ 
sumption is merely a means to human 
well-being, the aim should be to obtain 
the maximum of well-being with the min¬ 
imum of consumption.” 

Discounting the Future 

The reason for regarding throughput as a 
cost to the system is that the consumption 
of materials depletes nonrenewable re¬ 
sources and thus limits future options. 
Conventional economics treats the prob¬ 
lem of resource depletion by pointing out 
that rising prices of dwindling materials 
will reduce demand and stimulate the de¬ 
velopment of substitutes. Environmental 
economists retort that “reducing de¬ 
mand” represents a reduction in future 
opportunities, and that for many mate¬ 
rials (including fossil fuels and certain 
scarce minerals) there is little prospect of 
finding substitutes at acceptable costs. For 
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many minerals known world reserves are 
sufficient for only a few decades at current 
rates of use, so the options being fore¬ 
closed are those of the next generation, if 
not of our own. 

The problem of resource depletion is 
only one facet of the general problem of 
discounting the future — weighing 
present benefits against future oppor¬ 
tunities. Of course, people do discount the 
future severely. Almost every action we 
take, from crossing the street to choosing 
a marriage partner, involves a more or less 
conscious weighing of immediate grat¬ 
ification against future security. Econo¬ 
mists who study such behavior find that 
individuals typically discount delayed 
benefits at an annual rate of 10 per cent or 
more. This is the economic justification 
for many activities that degrade the envi¬ 
ronment. 

But the concept of a discount rate fails 
in some very important cases. No one 
would choose to have children if the ben¬ 
efits they provide were truly discounted at 
a 10 per cent annual rate. For genetic 
reasons that transcend economics, we 
value each of our children at least half as 
much as we value ourselves. Hence, when 
we weigh economic activities which 


would limit the opportunities of future 
generations, a high discount rate is inap¬ 
propriate. Environmental economists 
would argue that the discount rate should 
be very low, zero, or even negative for cer¬ 
tain irreplaceable resources, such as 
works of art, unique natural assets, 
endangered species, or in some cases re¬ 
serves of minerals with no foreseeable 
substitutes. For the same reason, we 
should assign a very high notional cost to 
activities which may impose burdens far 
into the future, such as the generation of 
long-lived radioactive wastes. 

Environmentalists emphasize the exter- 
nalization of costs. Pollution, for exam¬ 
ple, is the disposal of wastes into the gen¬ 
eral environment to the benefit of the pol¬ 
luter, but to the cost of external parties 
who use the environment. Much of the 
work of environmental economists in¬ 
volves devising systems — regulations, 
incentives, taxes, subsidies, etc. — to in¬ 
duce polluters to internalize these costs. 
While this work has had some success in 
cases where external costs are localized 
and readily measured, the problems are 
much more difficult where the costs are 
disputed, difficult to evaluate, long- 
delayed, or widely dispersed. Although 


controlling pollution is in principle the 
simplest problem in environmental eco¬ 
nomics, it is proving remarkably intracta¬ 
ble in practice. 

Given these major concerns of en¬ 
vironmental economists, we may return to 
the question of growth. Environmentalists 
do not oppose growth per se. However, 
their views on the relationship between 
economic activity and net social welfare 
are so radically different from those of 
conventional economists that they fre¬ 
quently find themselves opposing growth 
in sectors of the economy whose benefits 
are usually taken for granted. The polari¬ 
zation arises because environmentalists 
place high value on factors (including 
health, aesthetics, the natural environ¬ 
ment, and the welfare of future genera¬ 
tions) that are usually ignored as unquan- 
tifiable by conventional economists. In the 
words of H. Daly, environmentalists seek 
growth “in things that really count, rather 
than in things that are merely countable.” 

Ian C. T. Nisbet is Associate Director of 
the Scientific Staff , Massachusetts Audu¬ 
bon Society; he is a regular contributor to 
Technology Review. 
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Design for Living 

The Place of Houses 
Charles Moore, Gerald Allen, 

Donlyn Lyndon 

New York: Holt, Rinehart and Winston, 
1974; 278 pp., S17.95 

Reviewed by Doris Cole 

Sixty-eight per cent of the year-round 
housing units in the U.S. are detached or 
attached single-family houses, according 
to the housing survey conducted by the 
Bureau of the Census for 1974. Thus, the 
majority of the population lives in houses. 

Contrary to what we see in large cities, 
contrary to the reported declines in the 
construction industry, contrary to the rise 
in costs of land and building materials, the 
statistics demonstrate that a significant 
number of people still buy, sell, build, and 
live in houses. Though a man’s home is 
decidedly less than a castle these days, the 
American dream still foresees a house and 
the American way of life (perhaps more 
than in any other western country) still in¬ 
cludes a house. As a result, this book 
treats a subject which is immediately rele¬ 
vant to a surprisingly large number of 
people throughout the United States: the 
subject of houses is not trivial, nor is the 
product yet an unreachable luxury for 
most of us. 


The reader can expect to find a well- 
organized book divided into several sec¬ 
tions covering the diverse elements and 
concerns related to individual houses and 
the grouping of those houses to form 
communities. The first section presents 
three examples of towns — Edgartown in 
Massachusetts, Santa Barbara and Sea 
Ranch in California — which have very 
different architectural styles, geographic 
locations, and historic settings. Also in¬ 
cluded is a discussion (with photographs) 
of the work done by the firm Moore Lyn¬ 
don Turnbull Whitaker (M.L.T.W.). La¬ 
ter, the possible plan arrangements within 
a house and sites for a house are reviewed, 
with attention to the diversity and com¬ 
plexity of these seemingly simple 
questions. Next, the authors consider the 
separate elements of a building — win¬ 
dows, doors, stairs, entries, fireplaces, and 
so on — that define the character of the 
houses we inhabit. The book provides a 
lengthy checklist for prospective house¬ 
holders with numerous questions about 
the daily patterns of our lives: how we 
cook our food, wash our dishes, entertain 
our friends, brush our teeth, and sleep in 
our beds. And finally, the authors make 
an eloquent plea for “the genuine com¬ 
munity of assent and common under¬ 
standing that makes for a larger sense of 
place,” for concern not only for our own 
individual houses, but also for the larger 
world which we all inhabit together. 


Household Etiquette 

The authors’ stated goal is a modern pat¬ 
tern book based upon American pattern 
books of the 19th century. Those books 
included house plans, facades, design de¬ 
tails, and construction techniques, and 
were used by many builders across the 
country. They were written by carpenters, 
craftsmen, and enthusiasts at a time when 
there were very few professionally trained 
architects in America. The books 
presented a design vocabulary, an aesthe¬ 
tic framework from which the client and 
builder could select and fashion a suitable 
house. Certainly, pattern books did not 
bring sameness or mediocrity: from such 
books were formed the handsome houses 
of Edgartown, the graceful plantation 
houses of the South, and many of our 
early public buildings. Diversity and im¬ 
agination were guided and aided by these 
books to create a harmonious and cohe¬ 
sive whole within our towns and through 
the countryside. 

Another sort of early pattern book is 
the so-called “etiquette” books written 
and read primarily by women. One of the 
finest examples is The American Woman’s 


Sea Ranch, an oceanside housing 
development designed by Moore Lyndon 
Turnbull Whitaker in California. (Photo: 
Morley Baer) 
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Home by Catherine Beecher and Harriet 
Beecher Stowe: it presented very detailed 
and explicit instructions on how to de¬ 
sign, build, and live in houses to promote 
our moral well-being. These women 
explored in detail the siting and orienta¬ 
tion of houses to give the occupants fresh 
air and sunshine for better health. They 
presented a thorough analysis of stoves 
and chimneys to avoid unhealthful drafts 
and wasted fuel. They suggested plan ar¬ 
rangements to aid women in caring for 
their children while performing the daily 
household tasks. In all their concerns their 
goal was to enhance the physical and 
mental well-being of the occupants, to 
create good citizens for our country. 

Pattern books are not unique to 
America. They have existed in all coun¬ 
tries and are essential to architecture. 
Whether written as guides for the layman 
or treatises for the artist, these books ex¬ 
plained, codified and investigated aesthe¬ 
tic principles and construction methods. 
The ancient Greeks had guidelines for 
their temples, with accepted designs for 
column, capital, and frieze. The builders 
of the Medieval cathedrals, the Renais¬ 
sance palaces, the Egyptian pyramids — 
all had written or oral guides to follow. 
The 16th-century Italian architect, 
Andrea Palladie, investigated systems of 
proportion in his theoretical treatises. The 
20th-century Swiss architect, LeCor- 
busier, also investigated proportion with 
his “modular man.” Throughout history 
it was from such guides that architectural 
design principles were communicated, de¬ 
bated, followed, and modified. 

Visual Literacy 

The Place of Houses does not include the 
design and construction detail, the 
theoretical sophistication, or the moral 
fervor of the earlier books, but it does 
cover some of the same concerns and is¬ 
sues and follows the same traditions as far 
more than just a picture-book of houses. 
It is not so explicit or forthright as the his¬ 
toric pattern and “etiquette” books, but 
does present the philosophical approach 
held and practiced by the authors. The 
questions asked or ignored, the informa¬ 
tion included or excluded, the examples 
used, the emphasis on movement, the 
definition of rooms as empty stages, the 
very organization of the book gives us 
their point of view: high ceilings, exposed 
structures, sloped roofs, 45° angles, 
weathered wood, and complicated multi¬ 
level spaces are clearly preferred. 

This design vocabulary is used by other 
contemporary architects, as well, but it is 
only one approach and it is not necessarily 
advocated or practiced by all architects 
today. In fact, many architects would dis¬ 
agree with both the questions and so¬ 
lutions presented by the authors. Con¬ 
sequently, the reader should not misinter¬ 
pret the book’s content as the accepted 
vocabulary of the profession. 

Given the poor quality of manufactured 


goods, the condition of cities and suburbs, 
the ubiquity of trash and billboards, and 
the number of slums, one might wonder 
whether The Place of Houses is a review 
of architecture and design or an introduc¬ 
tion. Reading, writing, and arithmetic arc 
perhaps the basic skills, but the goal of 
visual literacy should have priority, as 
well. This book, among others, could 
serve well as a basic primer. 

Doris Cole is an architect for 
ArchitecturelEngineering and Construc¬ 
tion Services, Physical Plant, Massachu¬ 
setts Institute of Technology and author 
of From Tipi to Skyscraper: A History of 
Women in Architecture (Boston, i press, 
1973). 


Growing Pains 


Health and Industrial Growth 
Ciba Foundation Symposium 32 
New York: Elsevier Exc erptjj 
North Holland, rlTit n(i~’ pp., 

$18 - 50 

Reviewed by \eanne M. Stellr 


What is the effect of industrialization on 
the health of people in developing coun¬ 
tries? Are the environmental and social 
needs of the Third World met, ignored, or 
perhaps even exacerbated by industriali¬ 
zation? 

One example of the experience of non- 
industrialized countries suggests we have 
little reason to be optimistic. The most 
pressing public health problems in Ghana 
are perhaps typical of other Third World 
countries:. undemutrition, malnutrition, 
and inadequate drinking water, sanitation 
systems, and housing. With industrializa¬ 
tion, the people of Ghana now face pollu¬ 
tion, disruption of their towns and vil¬ 
lages, population resettlement, and possi¬ 
ble deterioration of their natural resources. 

In the early 1960s, the Volta River Dam 
Project was carried out to generate hy¬ 
droelectric power — not for rural elec¬ 
trification, but for aluminum smelting and 
exploitation of bauxite resources. Volta 
Lake was created and now occupies 3.6 
per cent of Ghana’s land area. The devel¬ 
opment precipitated a vastly increased in¬ 
cidence of waterbom diseases, destruction 
of 739 villages, and disruption of 80,000 
people’s lives. 

Schistosomiasis, a severe, waterbom 
kidney and bladder ailment, rose from an 
incidence of 5 per cent to 90 per cent. In 
addition, a new scourge, tuberculosis, was 
introduced to the migrant workers who 
were housed in unsanitary shanty towns. 
Many of the bauxite miners developed 
silicosis and tuberculosis as a result of 
their dusty work places. And given im¬ 
poverished living conditions and poor 
nutrition, tuberculosis soon became wide¬ 
spread. 


Industrialization brings still other afflic¬ 
tions to developing countries. Agricultural 
industries have displaced food crops for 
such commercial crops as tobacco, cocoa, 
and cotton, and serious nutritional de¬ 
ficiencies have developed as a result. 

No International Standards 

Clearly, indigenous health problems are 
worsened, not relieved, by industrial and 
agricultural “development.” 1 think we 
can conclude that the purpose of such de¬ 
velopment is not to improve the human 
condition. Unfortunately, until a country 
reaches a fairly advanced stage of devel¬ 
opment, the combination of overwhelm¬ 
ing public health problems and the small 
percentage of the population involved in 
industry makes occupational health 
almost irrelevant. In contrast, the two in¬ 
dustrialized Asian countries having the 
highest per capita income, Japan and 
Singapore, consider job-related deaths 
and diseases to be very relevant and very 
serious. 

Local and regional control of occupa¬ 
tional and environmental health problems 
is often proposed as a solution. But stu¬ 
dents of ecology know that pollution is an 
international dilemma, and cannot possi¬ 
bly be left to the discretion of regional au¬ 
thorities. (Trace metals have even found 
their way to the once-pure Antarctic.) Be¬ 
cause regions and cities are most suscepti¬ 
ble to political and economic persuasion, 
the need for national and even interna¬ 
tional standards for environmental and 
occupational health should be apparent. 
Left unfettered, industry has time and 
again demonstrated that productivity has 
priority over occupational health and 
safety and the preservation of the envi¬ 
ronment. 

Clearly, foreign industry must meet 
standards which equal or better American 
standards if death, disease, and injury are 
to be avoided. American industry already 
claims 16,000 lives and injures at least 25 
million workers a year. Countless 
thousands of people suffer diseases in¬ 
duced by toxic exposure, and the list of 
known side-effects of industrial chemicals 
continues to lengthen. Since Third World 
workers are not so well-trained, healthy, 
and educated as American workers, there 
is no reason to expect they will fare any 
better than their American peers unless 
stricter controls are adopted. 

Technological Imperialism 

Most nonindustrial countries are plagued 
by booming population. Experience has 
shown that an improved standard of liv¬ 
ing curbs population growth. But the rape 
of poor countries by commercial interests 
does not raise the standard of living and 
often disrupts extended family structures. 
There is no reason to expect industrializa¬ 
tion itself to slow population growth. 

Just how does one tackle the health 
problems of the nonindustrialized world? 
Several contributors to this book praise 
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the leading specialists in the field. 

An understanding of computer security 
problems is important not only for the 
student, but also for the system designer 
and the user. The Privacy Act of 1974, 
which establishes some elementary rules 
for the dissemination and maintenance of 
personal information held by federal 
agencies, has finally stirred some aware¬ 
ness in the private sector. It is fair to as¬ 
sume that more restrictive measures are 
coming on the federal level — dozens of 
bills are already under study — and some 
privacy-oriented legislation is bound to be 
aimed at businesses in the coming months. 

But the user who sees the light and de¬ 
cides to augment his system’s security 
will find his options perplexing, at best. 

To begin with, present interest in the 
security problem and solutions to it seem 
to be focused on the computer room itself 
or on the remote data terminals. But the 
design must address the entire informa¬ 
tion system — including the people 
operating the equipment, preparing the 
data, and using the output — of which the 
computer is only a component. The nar¬ 
rower view often ignores the enormous 
human impact of data security, not only 
from the standpoint of privacy, but in 
terms of safety, operability, and integrity, 
as well. 

Integrity — the need for a system to be 
safe from physical compromise — 
shouldn’t be concerned only with guaran¬ 
teeing a lock on every keyboard, guards at 
exits, smoke detectors, scramble circuits, 
uninterruptible power systems, and closed 
circuit television. Integrity must extend to 
the procedures for using the data in the in¬ 
formation system, and to the means of en¬ 
suring that the data base is accurate. What 
good is it to provide elaborate protection 
for meaningless data? Of what value is a 
tamper-proof data center if errors render 
the system useless? 

The problem is universal in data pro¬ 
cessing applications. The losses suffered 
by businesses as a result of the inadvertent 
errors made by data processors are esti¬ 
mated to be at least an order of magnitude 
higher than losses due to fraud. Known 
computer-related fraud losses in 1974 
amounted to $200 million, and observers 
estimate that only 15 per cent of the cases 
were reported. If the unreported cases in¬ 
volve an additional billion or so, we have 
roughly $1.2 billion a year in criminal 
loss, but perhaps $10 billion or more in 
losses triggered by unintentional human 
error. 

Of course the user cannot ignore crimi¬ 
nal precautions entirely. But a review of 
the methods for handling, storing, and 
disposing of printouts, data entry forms, 
and other material related to the data pro¬ 
cessing function is likely to yield more 
significant benefits. If the opportunities 
for misplacement or incorrect routing of 
data can be reduced or eliminated, the se¬ 
curity of the entire company, let alone its 
computer center, is enhanced. 


the “barefoot doctor” approach at¬ 
tempted on mainland China. Others, no¬ 
tably Ivan Illich and J. R. Philip, urge cop¬ 
ing with the cruelties of nature and doing 
with fewer luxuries (advice hardly appro¬ 
priate to people who have no luxuries and 
no choice but to cope). 

No one has the answers, but surely 
more exploitation and cultural disruption 
are not the solution. Let us stop to make 
rational decisions based on human 
priorities before technological im¬ 
perialism gets out of hand. And who 
knows? If a more cautious approach suc¬ 
ceeds abroad, we may. even adopt it at 
home. 

Jeanne M. Stellman is Clinical Associate 
Professor in the Department of Research 
Medicine at the University of Pennsyl¬ 
vania. 


Protecting 
Bits and Bytes 

Security and Privacy in Computer Systems 
Lance J. Hoffman, ed. 

Los Angeles: Melville Publishing Co., 
1973; ix + 422 pp., $18.75 

Reviewed by Malcolm L. Stiefel 

This book is a collection of 21 articles (all 
but two are reprints) dealing with the de¬ 
sign of secure computer systems. The pa¬ 
pers, dating from the 1960s and early 
1970s, have been used as supplementary 
readings for undergraduate computer sci¬ 
ence students. Most of the selections are 
excellent, covering fundamental security 
problems as they are perceived by some of 
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Unfortunately, an assessment of the rel¬ 
ative weights of threats from outsiders 
and errors from within is missing from 
Dr. Hoffman’s book. 

An Infant Art 

If system integrity can be established 
and maintained, the designer faces still 
other dilemmas in trying to make intelli¬ 
gent choices among alternative schemes to 
improve the security of his system. At 
present, there don’t seem to be any com¬ 
monly accepted quantitative performance 
requirements to assure the security of in¬ 
formation systems. The book advocates 
“measures for evaluating the effectiveness 
of data security techniques in various.... 
environments; methods for estimating the 
costs of implementing the safeguards in 
various classes of information systems; 
and tradeoff relationships between these 
and other relevant variables. Equally im¬ 
portant is the ability to estimate potential 
losses .... The design criteria for data se¬ 
curity systems include effectiveness, 
economy, simplicity, and reliability.” 
Agreed. Yet, we seem to have made 
headway only in determining costs — 
hardware, software, and operating costs 
— of specific designs. 

The fact is, this ability to specify mean¬ 
ingful performance parameters is charac¬ 
teristic of mature disciplines; the art of 
providing data security is still in its in¬ 
fancy. Standards for computer security 
and checklists for their implementation 
abound; there’s one in Dr. Hoffman’s 
book, as well. But this approach doesn’t 
go far enough. How, for example, does 
one determine the relative merits of two 
different file protection schemes, short of 
expensive, exhaustive testing over a long 
period of time? What will be measured? 
Certainly, the penalty in response time, 
and the dollar cost of implementation will 
be considered. But what about a measure 
of the probability that the protection 
mechanism will fail in a given instance, 
due, say, to hardware failure, or due to 
human error? 

We may rest assured that tools can be 
devised to answer our questions. The 
problem is, we still don’t quite know what 
to ask. That’s where progress must be 
made. 

Malcolm L. Stiefel, a senior systems ana¬ 
lyst with Keystone Custodian Funds in 
Boston, has dealt with military command 
and control systems, hospital information 
systems, municipal information systems, 
and investment accounting systems in his 
17 years as consultant, systems engineer, 
programmer, and writer. Fie received the 
B.S.E.E. from the Polytechnic Institute of 
Brooklyn in 1959, and later was a gradu¬ 
ate student at M.I.T. 


Letters 

Continued from p. 4 


The “hom-like” projections observed 
on Nessie are probably not horns. Turtles 
do not have horns, and for an animal that 
pursues fish, the need for streamlining 
would make such a frivolous adaptation 
unlikely. If not horns, then perhaps pro- 
bosci. These would aid in breathing while 
almost completely submerged and could 
be pressed against snout when diving to 
reduce drag. As it happens, the soft- 
shelled turtle is a living example of this 
sort of adaptation by a turtle. The soft- 
shell also has a very long neck. 1 have seen 
it extended so that the distance from 
snout to carapace nearly equals the 
carapace length. A rapaceous beak and 
large, thick tongue are also turtle charac¬ 
teristics. The sea turtles, especially the 
leatherback (body length over eight feet, 
weight up to 1,500 lbs.) have flippers very 
similar to those figured in the Review. 
Richard H. Fillon 
Dartmouth, Nova Scotia 

Dr. Fillon is affiliated with the Atlantic 
Geoscience Center of the Geological Sur¬ 
vey of Canada, Bedford Institute of 
Oceanography. — Ed. 


Pencil and Paper Arithmetic 

I read with interest Robert R. Beck’s letter 
(OctoberINovember, 1976, p. S) about 
popularizing mathematics. 

People need mathematics to manage 
their everyday lives, but computers are 
not the way to popularize mathematics. 
Because of pocket calculators, we are al¬ 
ready forgetting what little math we 
know. We really need to get back to basic 
pencil and paper arithmetic. 

Richard J. Alden 
Sunnyvale, Calif. 

O.T.A. and Military Procurement 

George Boehm notes the Office of Tech¬ 
nology Assessment’s failure to review 
military procurement (O.T.A.: Time to 
Question, May, 1976, pp. 10-11). 
Perhaps one reason is that another con¬ 
gressional office has been performing this 
function for the past seven years. 

The Procurement and Systems Acquisi¬ 
tion Division of the U.S. General Account¬ 
ing Office annually issues reports on the 
status of about two dozen military acqui¬ 
sitions, providing comments on cost, 
schedule, and performance. A good many 
reports will be classified, but some general 
views have been published in reports 
available to the public, as well as in con¬ 
gressional testimony. 

John G. Barmby 
Washington, D.C. 
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Trends This Month 


N.A.S.A. presents the “get-away special” 
.. . lifting Venus’ shroud . . . lawyers lay 
claim to space. 

TECHNOLOGY ON THE MARKET 20 


A quick test for carcinogens gains popu¬ 
larity. 

ENERGY _24 


More criticism of wash-1400 ... there’s 
still oil in those wells ... needed: a nu¬ 
clear establishment with bite .. . rubber 
power. 

TECHNOLOGY AND PEOPLE 26 


Technics in politics ... and what they 
really mean. 


When the Space Shuttle lifts off in 1981, 
N.A.S.A. will be writing contracts with firms 
and institutions for space on board. And the 


cost may be as low as a $10,000 "get-away 
special." (Drawing: Rockwell International 
Space Division) 
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Bullish for optical fibers and bearish for 
digital watches .. . archaeology comes of 
age . .. front porch programming. 
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SPACE 


Space Shuttle: 

Now Accepting 
Reservations 

First there was the air mail service. Then 
came Amtrak and Conrail. Now the U.S. 
government is about to enter the most 
exotic transportation business of all: 
earth-orbiting scientific and sightseeing 
missions aboard the Space Shuttle. 

Reservations are being booked and 
tickets are on sale. For $10,000, N.A.S.A. 
will contract to carry your black box (up 
to 200 pounds and five cubic feet) into 
space and bring it back again; for about 
$18 million, you can charter an entire 
Shuttle flight (over 60,000 pounds of 
freight and up to four passengers). 

The $10,000 “get-away special” (a 
phrase used by James C. Fletcher, Admin¬ 
istrator of N.A.S.A.) is a price most cus¬ 
tomers will never see on their invoices. It 
covers transportation only (“Screw you 
down, take you up, and bring you back”) 
for an experimental package which re¬ 
quires no services and no utilities and 
which is guaranteed not to disrupt any 
other experiments on board. 

But Dr. Fletcher uses the example to 
emphasize that the Space Shuttle will put 
N.A.S.A. in the transportation business. 
By 1981, when regular flights begin, 
N.A.S.A. will be writing transportation 
contracts “for a firm, fixed price set at the 
time of contracting, and the launch will be 
guaranteed,” said Dr. Fletcher at the 27th 
Congress of the International Astronauti- 
cal Federation in Anaheim, Calif., last fall. 

Just as with any other transportation 
contractor, low cost will be the name of 
N.A.S.A.’s game. The Space Shuttle is in¬ 
herently lower in cost per unit of trans¬ 
portation than any previous space vehicle: 
its major components are reusable, and 
when the program is in full operation each 
Shuttle is expected to be refurbished and 
ready for relaunch w'ithin 14 days of its 
previous landing; major overhaul will be 
required only after some 60 missions. 

Other sources of economy built into the 


Space Shuttle concept were listed for the 
l.A.F. by C. M. Lee of N.A.S.A.: 

— The Shuttle is fully standardized from 
its racks and pallets for experiments to its 
power inputs and data outputs. 

— Shuttle space will be sold at stan¬ 
dardized rates, so much per pound, so 
much per unit of power required, so much 
for data storage and transmission. 

— The Shuttle crew will have no respon¬ 
sibility for experiments; their tasks will be 
repetitive, and training needs will be min¬ 
imal. 

— N.A.S.A. will provide only transporta¬ 
tion and support services; the user will be 
fully responsible for the design and opera¬ 
tion of his payload. This policy eliminates, 
at least from N.A.S.A.’s budget, a major 
responsibility previously assumed by the 
space agency. 

— Shuttle flight plans will be stan¬ 
dardized. Once calculated, such mission 
elements as consumables, thermal factors, 
power requirements, and trajectories will 
be repetitive, and mission planning will 
therefore be simplified. 

All this sounds down-to-earth, as if a 
Shuttle flight in 1985 would be as routine 
as today’s 747 departure for Honolulu. 
But an element of Buck Rogers is inescap¬ 
able: over 500 Shuttle launches are postu¬ 
lated for the decade of the 1980s, up to 60 
in a single year. — J.M. 

Clouds Hide a 
Rugged Venus 

The remarkable Viking discoveries on 
Mars have eclipsed some just as remarka¬ 
ble discoveries during the past six months 
about our nearest celestial neighbor, 
Venus. 

Venus is cloaked in cloud, its surface 
invisible. But we now have a map of that 
planet between latitudes 45° and 75° 
whose average resolution is about 22 
kilometers (meaning that features as small 
as perhaps twice that size can be distin¬ 
guished), and better maps will soon come. 

Improvements at the Arecibo Obser¬ 
vatory (Puerto Rico) completed in 1975 
turned that instrument into a radar- 


A new radar map of the surface of Venus, 
made last summer, reveals this irregular 
area of "considerable structure" — a rough 
but defined surface suggesting the work of 
internal, tectonic forces. No other planet 
except Earth is known to display features 
quite like this, and since Venus also shows 
what appear to be ancient impact craters, 
Professor Gordon H. Pettengill of M.l.T. 
says it is "a class unto itself.” This picture is 
an enhanced image from a radar map with a 
resolution of 22 kilometers made at the 
Arecibo Observatory by Drs. Donald B. 
Campbell and Rolf B. Dyce of Cornell 
University working with Dr. Pettengill. 


camera which can achieve much improved 
definition — in theory a resolution of four 
kilometers near Venus’ equator. Using 
this new' instrument and a satellite re¬ 
ceiver located in a valley six miles away, 
Drs. Donald B. Campbell and Rolf B. 
Dyce of the National Astronomy and 
Ionosphere Center at Cornell University 
and Professor Gordon H. Pettengill of 
M.l.T. obtained the first detailed, com¬ 
prehensive radar images of Venus. 

These images show what seems to be a 
large impact basin, much like those we see 
on the moon. But they also show Max¬ 
well, a well-defined region the size of 
Oklahoma whose surface appears to be 
composed of ridges and valleys, appar¬ 
ently the result not of bombardment but 
of internal, tectonic activity. 

While Mars and possibly Venus also 
show evidence of past tectonic activity, 
the well-defined, high-contrast, radar- 
bright regions seen on Venus have no 
parallel there. Thus Venus “seems to be a 
class unto itself,” Dr. Pettengill told John 
Noble Wilford of the New York Times 
shortly after the results were first pub¬ 
lished in Science (September 17). — J.M. 
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Laws for Spacekind 

Most lawyers seem to have all the an¬ 
swers. The space lawyer has only 
questions. Yet to be determined are: who 
has space rights over a country; who can 
lay claim to the moon, or for that matter, 
the rest of the universe; who holds rights 
to the energy of the sun; what citizenship 
for the residents of space colonies; 
whether patents are valid in space, and on 
ad infinitum. 

Space law has been a legal specialty 
since the 1950s, well before the United 
Nations adopted what is now commonly 
called the Outer Space Treaty assuring 
freedom of all nations to participate in 
space activities and prohibiting warfare 
from outer space. Since then, there have 
also been international agreements on the 
rescue and return of endangered as¬ 
tronauts, on the liability of a nation for 
damage that can be traced to its space 
programs, and on the registration of all 
objects launched into space. And there 
have been countless hours of debate in 
United Nations committees and subcom¬ 
mittees about the legal implications of 
such futuristic enterprises as power satel¬ 
lites, lunar mines, and space colonies. 

Earth resources satellites have raised 
legal issues that may be nearing consen¬ 
sus. Ronald F. Stowe of the U.S. State De¬ 
partment believes most nations agree that 
satellites studying weather and earth re¬ 
sources should fly without limitation, and 
that the data they return should be fully 
disseminated. But nations scrutinized by 
orbiting sensors should expect interpre¬ 
tations of the data on their resources 
before anyone else. 

International debate has hardly begun 
on a host of other issues in space law. 
Solar energy, for example, presents a spe¬ 
cial problem because some nations have 
more of it than others. If a nation can 
claim no land between 40° N and 30° S 
latitude, it is as impoverished with respect 
to the sun as a landlocked nation is with 
respect to the sea. Hence the argument by 
Aldo Armando Cocca, Argentina’s Minis¬ 
ter of Foreign Affairs, at the 19th Col¬ 
loquium of the International Institute of 
Space Law last fall: solar energy utiliza¬ 
tion “shall be carried out for the benefit of 
the whole of mankind, irrespective of 
geographical location of states.” 

The orbit 36,000 kilometers above the 
equator especially attracts astronautical 
engineers. There, a satellite is stationary 
above the earth’s surface, and radio 
transmitters and receivers can be fixed on 
it. In 1975, Colombia lay claim to the 
geostationary orbit above its territory, 
proposing to collect levys on all satellites 
using it. 

Colombia’s claim is clearly inconsistent 
with the 1967 Outer Space Treaty’s em¬ 
phasis on the free use of space. But inter¬ 
national law in whatever sphere has to be 
consistent with the realities of national 
sovereignty, said V. S. Vereshchtin of the 


U.S.S.R. Institute of State and Law. 

What of the resources of the moon and 
planets? The first draft of a treaty for the 
moon was written in 1972 by a United 
Nations committee, and lacks agreement 
on only one major issue. All nations seem 
willing to regard lunar resources as a 
“common heritage of mankind,” so that 
no single nation has the right of unilateral 
exploitation. And as in current Law of the 
Sea negotiations, profits from lunar re¬ 
sources are to be assigned to an interna¬ 
tional body, as yet undefined, to be used 
for international purposes — also un¬ 
defined. 

The bone of contention is whether a 
moratorium on lunar resource develop¬ 
ment should be declared until such an in¬ 
ternational body is established. The U.S. 
opposes a moratorium, contending that 
the first priority should be exploration 
and development. 

G. S. Robinson of the Smithsonian In¬ 
stitution believes all these questions give 
space law a horizon much too small. The 
conditions of life in space will be very dif¬ 
ferent from those on earth, and “earth- 
alien cultures” will breed a new kind of 
race — “spacekind,” Dr. Robinson calls 
the breed. To avoid the “repetitive vio¬ 
lence attending colonialism,” spacekind 
will need wholly new, sensitive legal re- 


TECHNOLOGY ON THE MARKET 

Boom Years for 
Fiber Optics 

According to a new market research re¬ 
port, an enormous increase in glass fiber 
cables is expected over the next several 
decades. The recently developed hair-thin 
glass fibers promise to replace conven¬ 
tional copper wires for communications 
[see MarchlApril, 1976, p. 16). The 
super-transparent fibers can carry 
thousands of phone conversations and 
other communications on beams of light, 
and are cheaper than copper cables. 

The report by Gnostic Concepts, Inc., a 
California market research firm, predicts 
that by 1990 glass fiber cables will have 
made significant inroads into the copper 
cable market, generating an $883 million 
a year industry in the U.S. The study, re¬ 
ported in the October, 1976, issue of Op¬ 
tical Spectra, predicts a world market of 
$10 billion by the year 2000. 

Because the optical fibers are secure 
against outside monitoring, the military 
will be their first heavy users, said the re¬ 
port. This early market, and the promise 
of huge commercial markets, will encour¬ 
age further development and price re¬ 
ductions over the next few years; by 1990 
commercial uses are expected to pre¬ 
dominate. 

Optical fibers will first appear commer¬ 
cially as connections between telephone 


gimes. The ultimate test of space law will 
be how well it helps space colonists escape 
the frustrations and conflicts of terrestrial 
man. Dr. Robinson’s proposal to the 
I.l.S.L. is a “Convention of Spacekind” to 
assure “independent cultural and political 
integrity” for inhabitants of space. 

If these speculations seem uncharac¬ 
teristically futuristic for the legal profes¬ 
sion, they are. For 20 years space law has 
been ahead of space technology, 
hypothesizing problems which man could 
not yet have — and may never have. An 
air of unreality seemed inescapable at the 

I. l.S.L. last fall. 

Nonetheless, Institute members argue 
to keep law ahead of technology so that 
the consequences of technological prog¬ 
ress in space can be assessed and perhaps 
controlled. But they confront a dilemma, 
since it is difficult to pose potentially real 
problems in the abstract. If the concept of 
exploiting lunar minerals by a space col¬ 
ony is hardly more than serious science 
fiction, then laws to govern that exploita¬ 
tion can hardly be more than fiction based 
on fiction. Only as a space colony is pre¬ 
pared for orbit will the real legal issues it 
presents come alive, and then even the 
best-intentioned debates and treaties will 
suddenly have unexpected dimensions. — 

J. M. 



The three components of a single-material 
optical fiber — the central rod, supporting 
plate, and tubing. To produce the finished 
fiber, the assembly is heated, collapsing the 
tubing, and drawn into a single filament the 
diameter of a human hair. Mass production 
using such techniques will greatly reduce 
costs, and allow glass fibe rs to take over the 
majority of new communications links by the 
year 2000. (Photo: Bell Labs) 
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exchanges in urban areas,' where they will 
ease the severe congestion of underground 
cables. As copper prices rise and optical 
fiber costs fall, the recovery of scrap cop¬ 
per from old cables will pay for the cost of 
new optical fiber cables, said the market 
researchers. However, most optical fiber 
installations will be either in new systems 
or to supplement existing cables. 

U.S. demand will represent about half 
the world total, said the report, and the 
demand will be met almost entirely by 
U.S. production. — D.M. 

Digital Dodo 

For a while, it appeared as if our headlong 
race into the 21st century would be timed 
with a digital watch. The electronic de¬ 
vices are being turned out by the millions 
and snapped up by buyers. But lately in¬ 
dications are that the digital watch is hut a 
fleeting craze, and the bright, blinking 
watch faces will vanish with platform 
shoes and pet rocks. 

One sign is a survey of digital watch 
owners conducted by Consumer Reports 
(November, 1976). Although the 635 
digital watch owners who answered the 
magazines’s questionaire were by no 
means a random sample of owners, their 
disillusionment revealed several draw¬ 
backs that are perhaps widely felt. 

Many complained that the digitals are 
hard to read. One type of display, the 
Light Emitting Diode (led), depends 
upon a button which is pressed to light the 
numerals and tell the time; each button 
press drains the watch’s battery. The 
other type, the Liquid Crystal Display 
(lcd), is visible without button pressing, 
but is impossible to read in the dark, for 
the display issues no light of its own. 
Manufacturers of both types of watches 
are trying to surmount these disadvan¬ 
tages, but according to Consumer Re¬ 
ports, each innovation presents fresh 
problems. For instance, some manufac¬ 
turers make an led watch that lights the 
numerals at the flick of a wrist. Many 
owners have been irritated to discover 
that the watch lights inadvertently, need¬ 
lessly draining the batteries, lcd watch¬ 
makers have built watches that feature a 
light to illuminate the display in the dark, 
but they require an extra battery and 
some button-pushing. 

The digital owners surveyed had still 
more damning complaints: more than half 
made negative statements about the stur¬ 
diness of the watches. Strong elec¬ 
tromagnetic fields, as are generated by 
loudspeakers and the electric doors of a 
commuter train, cause the watches to go 
berserk, reported owners, and heat and 
cold can be disastrous to accuracy. 

Problems with battery replacement also 
brought complaints. A person who 
presses the button of his led watch 20 to 
30 times a day will have to replace the $5 
battery every two or three months, said 



The digital watch may be a bright idea that 
fizzled, as many consumers find it more a 
bother than a convenience. (Drawing: Tom 
Jenkins) 


one industry spokesman. Many owners 
are annoyed by lengthy delays in simple 
repairs. Replacing the battery often re¬ 
quires help from the dealer, and weeks 
can go by while the watch shuttles to and 
from the factory. 

The owners also reported basic prob¬ 
lems with telling time digitally. Most peo¬ 
ple are unused to reading numerals rather 
than clock hands, and must make abstract 
calculations to figure out time intervals 
that are visually represented on the con¬ 
ventional watch face. Timing events with 
an led digital watch is difficult if the 
wearer has to keep a button pressed. And 
setting a digital watch usually involves 
more complex button-pushing or other 
manipulation than does setting a conven¬ 
tional watch. 

One digital watch owner commented, 
“Some day, some smart inventor will 
come up with a watch with hands on it to 
take care of all these problems.” — D.M. 

Digging with 
Technology 

To many people an archaeologist is a 
fusty old gaffer, scrambling about with his 
shovel in old tombs, in imminent danger 
of strangulation at the hands of a mummy 
inching ominously toward him. 

A mummy craving an archaeologist 
today would have to step around the 
cesium magnetometer, plough through a 
pile of satellite photographs, and proba¬ 


bly trip over the instruction manual ex¬ 
plaining the latest piece of archaeological 
hardware. 

Archaeology has benefited from a host 
of scientific techniques for surveying ar¬ 
chaeological sites and analyzing the mate¬ 
rials found there, according to Froelich G. 
Rainey, Director of the University of 
Pennsylvania’s Museum of Applied Sci¬ 
ence Center for Archaeology. In the Sep¬ 
tember, 1976, IEEE Spectrum Dr. Rainey 
described some of the new tools. One im¬ 
portant class of new devices is sensitive 
magnetometers that can detea fluctua¬ 
tions in the earth’s magnetic field caused 
by masses buried up to six meters deep. 
The so-called “proton magnetometers” 
depend on the interraction between a 
“gyromagnetic substance” in the detector 
and the earth’s magnetic field. 

Dr. Rainey described one successful use 
of a “proton magnetometer” to search for 
the old Greek city of Sybaris, in southern 
Italy. For more than a century, ar¬ 
chaeologists have searched for the city, 
now buried deep beneath silt washed 
down from surrounding mountains. 

Dr. Rainey and his colleagues learned 
that they could detect buried walls by the 
minute differences in the earth’s magnetic 
field they produce. The archaeologists 
would pass the magnetometer over the 
wall at right angles, plotting the magnetic 
anomalies to trace the wall’s path. After 
eight years of plotting and excavating 
numerous structures in the area, the ar¬ 
cheologists found large building founda¬ 
tions from the Sybaris period, but no real 
indication of the city itself. 

“But for this writer, the flash of recog¬ 
nition came one evening in 1968 when 1 
assembled the whole set of magnetic con¬ 
tour maps,” said Dr. Rainey. “Suddenly I 
could see the precise location of the an¬ 
cient Sybaris. ... The series of maps indi¬ 
cated one specific area that was magneti¬ 
cally ‘noisy’ whereas all the rest of the 
plain was magnetically ‘quiet.’ ” The final 
success came with the development of a 
“cesium magnetometer,” which could see 
to a depth of 6 meters, as opposed to the 
3.5 meter depths possible with the earlier 
proton magnetometer. 

New techniques for dating artifacts 
have improved upon the long-used 
method of carbon-14 dating, said Dr. 
Rainey. One new dating technique Dr. 
Rainey and his colleagues are developing 
is a thermoluminescence method, which 
can determine the time at which a piece of 
pottery was fired. Thermoluminescence is 
the emission of stored energy, in the form 
of light, by a solid-state monconduaor 
upon heating. When an artifaa such as a 
clay pot is first fired, the high tempera¬ 
tures drive out all its stored energy, which 
is ever-so-slowly restored over millenia. 
Thus, when a ceramic sample from an ar¬ 
chaeological dig is heated in the proper 
apparatus, the stored light energy given 
off can be measured and used to date the 
time the objea was fired. 
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Computers may soon become standard 
household equipment, and 
computer-produced art such as this will be 
only one of their uses. A number of practical 
applications could spur "a consumer 
computer revolution,” says one market 
analysis. 


Another new method of dating involves 
measuring the extent of fission tracks 
from decaying uranium in an artifact. And 
still another dating technique, potassi¬ 
um-argon dating, used mainly by 
geologists, involves measuring the ac¬ 
cumulation of argon-40, a product of the 
radioactive decay of potassium-40. 

These new techniques are only a few of 
the archaeologists tools. Others include 
side-scan sonar which has allowed survey¬ 
ing of large areas of ocean for sunken ar¬ 
tifacts. Satellite and aerial photography 
are just beginning to give archaeologists a 
bird’s-eye view of settlements and migra¬ 
tion patterns. Techniques for probing the 
earth with radar are being tested. It is 
ironical that the further technology ad¬ 
vances into the future, the more clearly 
archaeologists will read the past. — D.M. 


Fireside Computers 

In the movie The Graduate, a family 
friend called the young hero aside and 
portentously whispered the word “plas¬ 
tics” into his ear as a bit of advice for his 
future. The same scene played today 
might well feature the phrase “hobby 
computers.” 

As computer costs plummet, marketing 
experts discern the beginnings of an ex¬ 
plosion in the use of hobby computers in 
the home. A Massachusetts firm. Venture 
Development Corp., which claims to have 



completed the first comprehensive 
analysis of the field, predicts a market that 
could more than double each year, at least 
in the short term. The research firm iden¬ 
tified more than 100 computer clubs, serv¬ 
ing some 20,000 hobbyists, and con¬ 
cluded that the computer hobby field 
“promises to be nothing less than the lead¬ 
ing edge of a consumer computer revolu¬ 
tion.” 

Numerous computer hobby stores are 
already popping up around the nation, 
primarily in areas densely populated by 
professional computer users. In California 
are the Byte Shops, which plan nation¬ 
wide franchising soon. In Massachusetts 
are the Computer Store in Burlington and 
the Computer Warehouse Store in Boston. 
All sell computer components, kits, and 
booklets for everyone from novice to ex- 
pen. 

Most computer hobbyists have in 
common their exposure to computers on 
the job. However, there are great dif¬ 
ferences in the interests the home com¬ 
puters serve. While some hobbyists build 
computers from scratch, or from kits, 
others would rather doodle around with 
pre-assembled systems. 

The most common uses for the home 
computer include sophisticated game¬ 
playing, budget- and record-keeping, and 
computer-produced music, art, and even 
poetry. The computer games include tests 
of mathematical and logical skills and 
complex space-war contests, in which 
users pilot their craft through solar sys¬ 


tems replete with space warps, gravity 
fields, and enemy space ships. Record¬ 
keeping functions range from simple 
check balancing and receipt storage to tax 
preparation and complex programs to 
guide the hobbyist in his everyday de¬ 
cisions. For instance, one hobbyist, having 
discerned a pattern in weekly supermarket 
specials, developed a program that lets his 
wife determine what days of the week to 
shop for what foods. This same hobbyist 
must meet a complex schedule of pay¬ 
ments for his children’s college tuition and 
utility, food, insurance, and housing bills. 
So he has programmed the computer to 
decide the optimum period, in terms of 
cash flow, for his annual vacation. He also 
feeds his daily dietary intake into the 
computer, which helps him maintain a 
low-salt, low-calorie diet by reporting 
when he has reached his limits. 

Other hobbyists are developing com¬ 
puter controls for various mechanical sys¬ 
tems in the home: for example, a 
computer-controlled lawn sprinkler sys¬ 
tem which monitors sensors embedded in 
the lawn and activates itself when the 
lawn needs watering. 

Many computer hobbyists predict that 
the heyday of the home computer will 
begin with the introduction of the 
videodisc player, a machine which can 
play video records into a television set in 
much the same way that a phonograph 
plays audio records. Two videodisc sys¬ 
tems to be introduced next winter by 
M.C.A.-Philips and RCA Corp. ( see 
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OctoberINovember, 1975, p. II) will 
soon allow programmed random access to 
any part of a videodisc program. Hooked 
to a computer, videodisc players could 
supply huge information banks. Stored 
data could include reference works, phone 
directories, how-to information, and 
computer programs. 

One application of computer-videodisc 
systems would be teaching programs. A 
student would proceed through a video¬ 
disc program, responding to questions 
from the computer. According to his an¬ 
swers, the computer could direct the 
videodisc machine to replay information, 
branch into new areas, or continue with 
the same subject. Another tantalizing pos¬ 
sibility would be fantasy videodisc adven¬ 
tures, in which the computer user could 
direct the course of the adventure by 
selecting various alternatives as the action 
proceeds. 

The general consensus of those involved 
in hobby computers seems to be that the 
hobby computer represents a vast un-^.t F iuuu«, 
tapped market, ripe for exploitation, iff' duce histidine, 
fart, there are rumors that a major com¬ 
puter company is preparing to link with a 
major U.S. retail chain to market a com¬ 
puter kit for the home. 

The key drawback to the field seems to 
be the lack of popularized public informa¬ 
tion as to the possibilities. Few people re¬ 
alize they can buy a fairly sophisticated 
system for about the cost of a set of good 
stereo components. More important, few 
realize that the computer could be helpful 
in their everyday lives, as well as a re¬ 
markably versatile source of amusement. 

And finally, although schoolchildren and 
professionals are learning computer lan¬ 
guages in the school, office, and labora¬ 
tory, the general public has not yet been 
shown that computer programming is not 
arcane magic, but a succession of logical, 
easy-to-formulate instructions. 

Most computer hobby magazines today 
are hardware-oriented, perhaps intimidat¬ 
ing the uninitiated. And they tend to em¬ 
phasize game-playing, rather than the 
kinds of pragmatic programs that could 
draw the average person into a fascinating 
hobby. The computer companies have 
done little to interest the general public in 
the home uses of their product. They 
would all do well to realize that they are 
not in the computer business, but in the 
information business. — D.M. 


PUBLIC HEALTH 


The Ames Test: 
Pass-Fail for 
Chemicals 

“It’s no longer surprising to open a news¬ 
paper and find that another carcinogen 
has been discovered,” says University of 
California biochemist Bruce Ames. He 


should know, for his laboratory has im¬ 
plicated many chemicals as possible car¬ 
cinogens. Tests by Dr. Ames and his col¬ 
leagues on hydrogen-peroxide hair dyes 
and on a fire retardant commonly applied 
to children’s pajamas were both widely 
reported this year. The National Cancer 
Institute is doing extensive and detailed 
animal carcinogenicity tests on some of 
these substances as a result. 

The detailed animal test programs will 
cost more than $160,000 apiece to run, 
and the tests take at least two years. In 
sharp contrast, the test used by Dr. Ames 
took only two days and cost only a few 
hundred dollars. 

The test, developed by Dr. Ames over 
the last ten years, is one of the first rapid 
tests for cancer-causing ability in chemi¬ 
cals. A researcher performing the Ames 
test puts the chemical to be tested on a 
petri dish containing a medium that sup¬ 
ports a form of Salmonella bacteria. The 
bacteria is a mutant strain which cannot 
reproduce, because of an inability to pro¬ 
amino acid necessary^ 
for growth. After 48 hours of incubatioTT 
the researcher counts the number of 
bacterial colonies growing on the dish. 
These show up easily as round, fuzzy 
areas. The more colonies of bacteria, the 
more mutations the chemical has caused. 

Basic theory holds that mutations rep¬ 
resent damage to the DNA in the cells’ 
genetic material. Many believe that cancer 
can result from mutation. “The oldest 
theory of cancer is that DNA mutates to 
become a tumor cell,” says Dr. Ames. 

The Stanford Research Institute, one of 
the first places to perform in-depth tests 
on the efficiency of Dr. Ames’ test, found 
that 75 per cent of the 200-odd known 
carcinogens also showed positive results 
on the Ames test. Since that study two 
years ago, Ames and his colleagues, par¬ 
ticularly Dr. Joyce McCann, have im¬ 
proved the test and have shown that it de¬ 
tects 90 per cent of 175 carcinogens tested 
as mutagens and very few non¬ 
carcinogens. 

One crucial aspect of the Ames test is 
that an extract of liver is added to the 
petri dish before it is incubated. The addi¬ 
tion of liver homogenate, according to Dr. 
Ames, makes the test a closer analog to 
the way mammalian metabolism handles 
carcinogens. Many times a mammal’s 
body, in its attempt to transform ingested 
chemicals into excretable products, 
creates a harmful substance from an in¬ 
nocuous one. The liver homogenate, says 
Dr. Ames, metabolizes chemicals much as 
would a live mammal. 

Mutagenicity is not carcinogenicity, 
however, and some scientists have been 
quick to point this out. Molecular 
biologist Harry Rubin, also at Berkeley, 
strongly objects to the use of mutagenicity 
to indicate cancer-causing ability. In fact, 
he said in a letter in the January 23 issue 
of Science, while he sees no harm in using 
the test to screen for mutagens, to use the 


test to screen for carcinogenicity is “a bit 
like looking under the lamppost for the 
coin lost a block away because of the 
availability of light.” Other scientists 
point out the wide difference between 
complicated human genetic material and 
the simple bacterial genetic material. 

Vince Simmon, who oversees research 
in microbial genetics at the Stanford Re¬ 
search Institute, is convinced that the cor¬ 
relation between a chemical’s tendency to 
cause mutations and cancer is more than 
fortuitous. “Arguments can be made that 
there is no correlation, but evidence is 
strong that chemicals that react with 
DNA and cause mutations also cause 
cancer,” he says. He cites experimental 
evidence showing that DNA irreparably 
damaged by certain chemicals can cause a 
cell to behave erratically, and possibly be¬ 
come cancerous. 

Researchers at S.R.I. routinely test 
chemicals for carcinogenicity using the 
Ames test. Over the past three years they 
have performed tests for over 25 industrial 
clients, as well as for the Environmental 
Protection Agency and the National 
Cancer Institute. If a compound tests pos¬ 
itive, it has a very good chance of being 
carcinogenic, and the client is notified of 
the results. If the compound tests nega¬ 
tive, the makeup of the chemical is noted. 
“The test doesn’t work at all for some 
compounds,” says Dr. Simmon. The spec¬ 
trum of polyhalogenated hydrocarbons — 
including dieldrin, aldrin, and kepone — 
show no evidence of mutagenicity on the 
test. _ 

Ji^Tfie lalKyear and a half, 150 indus- 
/ial la bs also begun using the test. 
At !Rsfloratory that performs toxicology 
and industrial medicine for Du Pont the 
test is used to determine which of several 
potential chemical products seems safest, 
and what industrial processes require de¬ 
velopment of stronger safety procedures. 
The results of the Ames test are a big help 
in “designing out carcinogenicity from the 
beginning,” according to Burroughs 
Wellcome researcher Don Clive. If no¬ 
thing shows up on the Ames test, the 
chemical is deemed a good bet for the next 
step — the expensive animal test. Time 
and money is saved this way, he says. 

The positive response from industry is 
what Dr. Ames has been looking for. A 
long-time advocate of pre-testing indus¬ 
trial chemicals, he terms suicidal the prac¬ 
tice of producing millions of pounds of a 
chemical before thorough investigations 
of its possible effects. Tests of chemicals 
“in the pipeline,” before large-scale pro¬ 
duction and while other options are still 
open, is the answer. 

Fine-tuning on the Ames test is not yet 
complete. Better data on the applicability 
of bacteria tests to human experience is 
needed, says Dr. Ames. He is now work¬ 
ing on methods to determine the potency 
of a chemical’s carcinogenic abilities, and 
the correlation of this with mutagenic po¬ 
tency. — S.J.N. 
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ENERGY 


Rasmussen Report Revisited 



The epic study of nuclear power plant 
safety known as the “Rasmussen Report” 
has once more become the focus of con¬ 
troversy. A new analysis charges that the 
report is so riddled with uncertainties as 
to be an inadequate policy tool. 

According to a study by Joel Yellin, As¬ 
sociate Professor of Social Sciences at 
M.I.T., the Rasmussen report does not 
enable planners to choose wisely among 
various energy technologies or to make 
specific plant siring decisions. However, 
Dr. Yellin’s analysis has drawn comment 
from Dr. Rasmussen and other experts, 
which, in turn, cast doubt on Dr. Yellin’s 
critique. 

The $3-million Reactor Safety Study, 
wash-1400, was nicknamed the “Ras¬ 
mussen Report” after its director, Nor¬ 
man C. Rasmussen, head of M.I.T.’s De¬ 
partment of Nuclear Engineering. Issued 
in its final version in October, 1975, the 
report concludes that the likelihood of a 
catastrophic nuclear accident at a U.S. nu¬ 
clear power plant is far lower than the 
likelihood of catastrophes from many in¬ 
dustrial processes or natural disasters (see 
OctoberINovember, 1974, p. 14). 

Dr. Yellin’s critique of the report does 
not argue that nuclear plants are safe or 
unsafe, and he makes no claim that major 
accidents are likely. But the wash-1400’s 
assessments are judged unreliable because 
of the many uncertainties in calculating 
the likelihood to accidents, and the re¬ 
port’s failure to account for long-term 
fatalities from a nuclear accident in com¬ 
paring nuclear and non-nuclear risks. The 
critique was published in the Spring, 
1976, issue of the Bell Journal of Econom¬ 
ics. Dr. Yellin performed the study as part 
of a long-term project on the political and 
economic ramifications of nuclear power, 
sponsored in part by the Ford Founda¬ 
tion. 

Long-Term Latent Health Risks? 

Dr. Yellin observes that the Rasmussen 
study compares the risks of immediate 
fatalities from a nuclear accident with 
immediate fatalities from non-nuclear ac¬ 
cidents, such as fires, explosions, dam 
failures, air travel catastrophes, toxic 
chemicals, tornados, hurricanes, and 
earthquakes. 

However, Dr. Yellin notes, wash- 
1400’s authors estimated that, on the av¬ 
erage, every prompt fatality from a nu¬ 
clear accident is expected to be accom¬ 
panied by about 670 latent cancer 
fatalities, spread over a period of 10 to 40 
years. The Rasmussen report stated that it 
did not include these long-term effects in 
its comparative calculations because simi¬ 
lar long-term data were not available on 
the risks from non-nuclear activities. 

“Considerable partial information is, in 


The many-volumed Reactor Safety Study, 
wash-1400, nicknamed the "Rasmussen 
Report” after its director, Norman C. 
Rasmussen, is once again the object of 
controversy. A recent analysis sponsored in 

fact, available regarding industry-related 
health risks, in particular risks due to 
chemical carcinogens,” said Dr. Yellin. 
“That information should have been used 
in the wash-1400 risk comparisons.” 

Dr. Yellin conducted a limited sampling 
of public health risks due to industrially 
produced substances, and found that un¬ 
like the large gap between the immediate 
dangers of nuclear versus non-nuclear 
catastrophes — presented in wash-1400 
— there was no evidence of a large gap be¬ 
tween nuclear and all other non-nuclear 
long-term latent health risks. Dr. Yellin 
also pointed out that, since U.S. energy 
policy emphasizes coal-fired power plants 
as the other major energy source besides 
nuclear power, information on coal- 
related health risks would have lent rele¬ 
vance to wash-1400, and should also 
have been included. 

Harvard physicist Richard Wilson, in a 
rebuttal to Dr. Yellin (published in the 
fall, 1976, issue of Bell Journal) contends 
that there are studies where the roles of 
the complete coal fuel cycle are assessed. 
A comparison of this data with the 
wash-1400 data shows that a large gap 
does exist between coal and nuclear 
health risks, with nuclear proving much 
safer. 

However, scientists familiar with the 
wash- 1400 report, including Dr. Ras¬ 
mussen, have pointed out that there are 
considerable difficulties in combining 
measures of immediate fatalities with 
measures of latent fatalities. Estimates of 
immediate deaths from a plant accident 
are fairly straightforward and easily ob¬ 
tainable. But latent fatalities from a nu¬ 
clear accident are very much creatures of 
the world of statistics, and these very 
tenuous measures are easily lost in the 
general “noise” of health statistics. 

As to wash-1400’s failure to include 
health risks from other energy sources, 
Dr. Rasmussen notes that wash-1400 was 
not meant as a comparative vehicle for 
energy-related risks, and that Congress 
specifically restricted the study’s scope to 


part by the Ford Foundation takes issue 
with the study's optimistic assessment of 
the likelihood of catastrophe as the result of 
nuclear accident at a U.S. nuclear power 
plant. (Photo: Susanne Fairclough) 

include only nuclear risks. 

The Rasmussen report is also inappli¬ 
cable to problems of nuclear plant siting, 
Dr. Yellin argues. First, the report does 
not discuss the particular characteristics 
of sites near large metropolitan areas, but 
combines all the sites expected by 1981 
into a single assessment of individual reac¬ 
tor risk, based on a weighted averaging 
procedure. The possibility that sites near 
urban areas may produce much greater 
fatalities than sites in lightly populated 
areas is obscured, he said. Such an amal¬ 
gamation of data may negatively preju¬ 
dice a siting decision concerning a plant in 
a lightly populated area and prevent plan¬ 
ners from making a fair assessment of the 
dangers of siting a power plant in a heav¬ 
ily populated area. Individual power plant 
sites also differ in other specific charac¬ 
teristics, such as weather patterns, which 
may affect the overall risk assessment, 
says Dr. Yellin. 

Dr. Wilson concurs with this criticism 
but contends that it is overstated. It is pos¬ 
sible to make site comparisons using the 
wash-1400 techniques, but he points out 
that in any case, wash-1400 will almost 
certainly not be used as a major basis 
for site selection. 

How Rare Are “Rare” Failures? 

Dr. Yellin also criticizes the “fault-tree 
analysis” used in wash-1400. To analyze 
the likelihood of accidents, wash- 1400 
considers only the dominant modes of 
failure, neglecting modes of failure 
which have not yet observably affected 
the reliability of reactors or of individual 
components. 

However, Dr. Yellin argues, these 
“rare” modes of failure could loom larger 
as reactor experience mounts; each reac¬ 
tor or plant site may have individual 
peculiarities not previously observed. As 
proof of the possible importance of un¬ 
usual occurrence, Dr. Yellin cites the fire 
in the cable room of the Browns Ferry, 
Ala., nuclear plant. The fire started when 
a technician, searching the area with a 
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candle, ignited cable insulation. 

According to Dr. Wilson, Dr. Yellin is 
only partially correct in this criticism. Any 
significantly dangerous modes of failure 
would have included failures of compo¬ 
nents that would have already been 
readily apparent. However, he said, there 
should be a search for such undetected 
modes of failure, although the risk is low 
that they actually exist. 

Dr. Yellin also took issue with some 
basic techniques of the analytical method 
of “fault-tree analysis” used in the re¬ 
ports. Subjective judgments were made on 
the vulnerability of particular power plant 
components to failure, and the effects of 
component aging are not treated. Accord¬ 
ing to its authors wash-1400 ignores 
aging considerations because the study was 
not meant to be extrapolated beyond 
1981. Dr. Yellin emphasized that this ap¬ 
proach still leaves open the important 
question of the long-term safety of nuclear 
plants. 

wash-1400 includes calculations re¬ 
garding possible failure-causing interac¬ 
tions of the interdependent components of 
a nuclear power plant. “Such effects are 
central to any discussion of possible un¬ 
certainties in the numerical results of the 
fault-tree analysis,” said Dr. Yellin. How¬ 
ever, the report makes a very weak case 
for the validity of the assumptions under¬ 
lying the analysis, he charged. Dr. Wilson 
concurs with this assessment, pointing out 
that the mathematics used for estimating 
some common-mode failures was quite 
unclear. However, he said, in all common 
failures of importance, the numbers were, 
in fact, taken from other, more direct evi¬ 
dence. 

Because of such defects in computa¬ 
tional procedures, the Rasmussen report’s 
estimate of one major reactor accident in 
one billion years of reactor operation may 
be in error, according to Dr. Yellin, by an 
overall factor of one hundred thousand to 
one million. The Nuclear Regulatory 
Commission has by no means ignored 
such criticisms. Dr. Yellin pointed out, 
and they plan to address them in future 
studies. 

Overall, Dr. Wilson found Dr. Yellin’s 
criticism of wash-1400 “mostly over¬ 
stated”; although some criticisms are val¬ 
id, they are maily criticisms of presenta¬ 
tion. 

Despite the criticisms by Dr. Yellin and 
others, the wash-1400 report still stands 
as an important and generally valid study. 
The analysis of health risks from energy 
production has undoubtedly moved far 
beyond the narrow scope of the report, 
but the report still represents a firm base 
upon which to build. — D.M. 

Oil Industry: Old 
Before Its Time? 

Originally there were 442 billion barrels 
of crude oil under the U.S. and its offshore 


continental shelves. One quarter of that 
has now been produced, and another 32.7 
billion barrels are considered “proved re¬ 
serves,” ready to use. 

But 300 billion barrels of oil remain 
classified as “unrecoverable.” How much 
of that vast resource we can eventually 
bring out of the ground depends on the 
state of technology and the price we are 
willing to pay. In the meantime, despite 
this vast unproduced resource, the U.S. 
petroleum industry characterizes itself as 
“on the decline,” and funding and staffing 
are growing problems for the handful of 
schools that teach petroleum engineering. 

These apparent inconsistencies ap¬ 
peared in papers prepared for A.I.M.E.’s 
Society of Petroleum Engineers in New 
Orleans last fall, where they shared the 
program with a number of highly 
technical presentations that signified con¬ 
tinuing U.S. leadership in one of the most 
technically demanding industries. 

Only economics stand between us and 
at least half of those 300 billion bar¬ 
rels of “unrecoverable” oil, said John J. 
Simpson, an oil economist for Citibank. 
Already, technology for enhancing oil re¬ 
covery has raised the yield from about 15 
per cent in the 1930s to today’s 30 per 
cent; and Mr. Simpson quoted experts 
who say that “rising demand, improved 
technology, and economic incentives 
[could] spur recovery to the 60-to-65- 
per-cent level.” , 

Meanwhile, Wayne E. Glenn, Vice 
Chairman of Continental Oil Co., pro¬ 
posed that the U.S. petroleum industry, 
pressed by competition from foreign pro¬ 
ducers who are still pumping the inexpen¬ 
sive oil that is easiest to extract from 
newly-tapped pools, is on the decline — 
or about to be. In the past decade the 
ground rules governing the industry in 
this country have changed: instead of 
owning and exploiting worldwide re¬ 
sources, U.S. companies are now contrac¬ 
tors who fund and develop others’ re¬ 
sources — and who, at the same time, are 
asked to train foreign nationals who will 
in time displace their teachers. 

For the present, petroleum engineers 
are in keen demand. Graduates in this 
field command $50 to $100 per month 
more than other engineering graduates 
every June in the Southwest, said Mr. 
Glenn. Petroleum engineering faculties are 
being depleted because the budget¬ 
conscious university cannot compete with 
such high salaries, said Professor Kermit 
Brown of the University of Tulsa. 

Put together, all these arguments seem 
to urge new incentives which the market 
system is not now providing the petro¬ 
leum industry. Despite its complaints 
about the burdens of government interfer¬ 
ence in its business, the industry would 
welcome more support for education and 
research in petroleum engineering, and 
technical and economic incentives to tap 
the 60 per cent of the oil that is now left 
behind in every pool it pumps. — J.M. 





When Stuart Symington joined the U.S 
Senate in 1952, he was told by a colleague 
that the subject of nuclear energy was "so I 
secret I do not want to know anything about / 
it." The same attitude prevails today, 

Senator Symington told a Harvard Arms 1 
Control Seminar late last fall — one reason 1 
why both national and international nuclear / 
control policy is an “incredible mess," he I 
said. (Photo: Rick Stafford for Harvard J 
Gazette]. * 


The “Nuclear Mess” 

On the eve of his retirement after a 25- 
year career in the U.$. $enate, Stuart 
Symington finds the nation and the world 
in a dangerous “nuclear mess.. . . Control 
over nuclear energy is slipping at both the 
national and international levels,” he told 
the Arms Control Seminar of Harvard 
University’s Program for Science and In¬ 
ternational Affairs late last fall. 

On the international level, said Senator 
Symington, “a system of inspection, and a 
faulty one at that, is superimposed upon 
an otherwise uncontrolled exploitation of 
nuclear energy by a rapidly growing 
number of countries.” Senator 
Symington’s solution: we must “put 
’teeth’ in the institutions we have.” This 
would include: 

— strengthening the non-proliferation 
treaty; 

— encouraging non-members to join in 
that agreement; 

— increasing and broadening the 
capabilities of the International Atomic 
Energy Agency; and 

— joining with other nuclear powers “to 
establish meaningful restrictions on the 
present uncontrolled commerce in nuclear 
materials.” 

On the national level, Senator 
Symington worries about secrecy and “the 
pervasive disorganization of authority.” 
In the executive branch 21 agencies and 
councils share decision-making in nuclear 
matters, and at least 19 congressional 
committees divide and oversee nuclear 
matters. As a result there exists “no true 
coordination and a good deal of competi¬ 
tion”; there is “growing diffusion of au¬ 
thority and responsibility in this field.” He 
wants secrecy ended and the decision¬ 
making process streamlined. — J.M. 
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Each year, 200 million tires are discarded. 
So far, these worn-out tires have resisted 
recycling. But as energy and raw materials 


How to Reclaim 
200 Million Tires 

Even discarded automobile tires are yield¬ 
ing to pressure from the rising prices of 
energy and raw materials. There are 200 
million a year in the U.S., and they are one 
of our most intractable forms of trash. 

Two routes to reclamation are proposed: 

— A worn-out automobile tire can be 
burned to produce heat at the rate of 
13,900 B.t.u.s per pound, the equivalent 
of about 2.5 gallons of fuel oil; 1.13 mil¬ 
lion tires a year are now being used in this 
way to produce process steam by the 
Goodyear Tire and Rubber Co. in 
Jackson, Mich. 

— Decomposed chemically, a ground-up 
tire can be made to yield nearly 40 per 
cent of its weight in a combustible oil 
whose heating value is about 17,000 
B.t.u.s per pound; 35 to 40 per cent of its 
weight in char which can be recycled as 
carbon black into new tires; and 15 to 20 
per cent of its weight in gaseous light hy¬ 
drocarbons — heating value about 2,100 
B.t.u.s per cubic foot. 

Goodyear feeds whole tires, at the rate 
of 130 (3,100 pounds) per hour, to a spe¬ 
cial rotary furnace. Steel beadwire in the 
tires is oxidized in the 2000°-F. heat, and 
a char consisting principally of carbon 


become less abundant, industry is finding 
that old tires have good uses. (Photo: F.S. 
Lincoln) 


black remains behind. The designers of 
the system — F. Michael Lewis of Stan¬ 
ford Research Institute and Paul W. Char- 
trand of Lucas American Recyclers, Inc., 
who reported the project to the 1976 Na¬ 
tional Waste Processing Conference in 
Boston — believe that perhaps 5 per cent 
of the furnace’s output will be required to 
power a sophisticated scrubber now being 
built to control pollutants. 

Three engineers from Occidental Re¬ 
search Corp. — S. C. Che, W. D. Deslate, 
and K. Duraiswamy — reported on Occi¬ 
dental’s “flash pyrolysis” process applied 
to tire-recycling at the 1976 Intersociety 
Conference on Environmental Systems. 
It’s still at an early stage of development, 
with Occidental’s evaluation based on a 
laboratory system. But that evaluation is 
promising: with tires at $15 per ton and 
allowing $25 per ton for grinding them 
into fiber-free, rock-salt-like particles, a 
plant processing 300 tires a day could 
produce $9.5 million in gross revenues per 
year (carbon black at 10 cents per pound 
and oil at 30 cents per gallon). Such a 
plant would pay for itself in less than six 
years, say the Occidental engineers. But 
they admit that the economics are “highly 
sensitive” to the costs of scrap tires and of 
grinding them, suggesting that radial tires 
with increasing amounts of steel may be 
Occidental’s undoing. — J.M. 


TECHNOLOGY AND PEOPLE 

Engineers as 
Governors 

Few top government positions are held by 
engineers — even in agencies whose work 
depends heavily on technology. There 
ought to be more, thinks Myron Tribus, 
Director of the Center for Advanced En¬ 
gineering Study at M.I.T. — not so much 
because of their expertise as because of 
their style of working. 

Lawyers made the adversary proceeding 
the dominant process of government to¬ 
day, Dr. Tribus told the American Society 
of Mechanical Engineers last winter. 
Lawyers are by far in the majority of 
high-ranked government posts, and the 
formalized adversary process is a basic 
contribution to government of which the 
legal profession has a right to be proud. 

But the adversary process has limits. 
“Legal processes are designed mostly to 
deal with what already exists or with 
plans already conceived,” said Dr. Tribus; 
they “do not encourage creativity.” 

The process of engineering is very dif¬ 
ferent, concerned with manpower, mater¬ 
ials, machines, money, schedules, skills, 
trade-offs, and risks. “In technical work it 
is absolutely essential that the processes of 
discussion be so structured that informa¬ 
tion from the lowest levels can safely be 
transmitted upwards. ... If the environ¬ 
ment discourages free discussion and de¬ 
bate, if it discourages commentary 
counter to the wishes of the majority, then 
critical information will not percolate to 
the top,” said Dr. Tribus. 

Engineers should not be content with 
the role of advisers, ready to bring for¬ 
ward their facts and conclusions when 
asked. “In politics the name of the game is 
power. If technical people are not present 
and with power to influence the way the 
game is played, the political process will 
simply destroy the technological process.” 
—J.M. 

The Fudge Factor 

Cheating scandals rock some of the most 
prestigious academic institutions, and 
news magazines headline the questionable 
academic ethics of today’s youth. If the 
students are so flush with moral turpitude, 
one wonders what their professors are up 
to. Or, more important, how common is 
cheating among scientists in general? 

Dr. Ian St. James-Roberts, a lecturer at 
the University of London, became one of 
the rare souls to ponder the question pub¬ 
licly in the September 2, 1976, issue of 
New Scientist. He declares that “double¬ 
blind procedures and control groups are 
part of the substantial array of techniques 
science has for coping with unintentional 
bias. Yet science seems to ignore another 
source of error: intentional bias — the 
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What They Really Mean 

1 he research report is certainly one 

of the most amazing of journalistic worlds — 

where all the data are precise, they 

are obtained correctly the first time, and the 

investigator is blessed with instant 

insight. 

But for those who want to read between the lines, here is a brief glossary of the 

true meaning of various report phrases, adapted from an article by C. I). 
Graham, Jr., in a 1957 issue of \\etjl Progress. (We found it in A RjuJont W jlk 

in Science by R. 1.. Weber, New York: Crane, Russak & Co., Inc., 1973.) 

U ben Scientists \\ rite: 

They Really Mean: 

It has long been known that .. . 

1 haven’t bothered to look up the 
original reference. 

While it has not been possible to 

The experiments didn't work out. 

provide definite answers to these 

but 1 figured 1 could at least get a 

questions . . . 

publication out of it. 

High-purit\ . . . 

Composition unknown except for 

Vers high purit\ . . . 

the exaggerated claims of the 

Hxtrcmcly high purity . . . 
Super-purity . . . 

SpcctroscopicalK pure . . . 

supplier. 

rhree of the samples were 

The results on the others didn’t 

chosen for detailed studs . . . 

make sense and were ignored. 

... accidentally strained during 

. . . dropped on the floor 

mounting 


.. . handled with extreme care 

. . . not dropped on the floor 

throughout the experiments 
Typical results are shown . .. 

The best results are shown. 

Although some detail has been 

It is impossible to tell from 

lost in reproduction, it is clear 
from the original micrograph 
that ... 

■ the micrograph. 

Presumably at longer times . . . 

1 didn’t take time to find out. 

It is suggested that . . . 

It is believed that . . . 

It may be that ... 

1 think. 

It is generally believed that . .. 

A couple of other guys think so 


too. 

It might be argued that ... 

1 have such a good answer to 
this objection that 1 shall now 


raise it. 

It is clear that much additional 

I don't understand it. 

work will be required before a 
complete understanding . . . 


Unfortunately, a quantitative 
theory to account for these 
effects has not been formulated . . 

Neither does anybody else. 

Correct within an order of 
magnitude ... 

Wrong. 

It is to be hoped that this work 

T his paper isn’t very good. 

will stimulate further work in the 

but neither are any of the 

field . . . 

others in this miserable- 
subject. 


purposeful manipulation of an experi¬ 
mental design or results to confirm an 
hypothesis.” 

Quantifying intentional cheating in the 
laboratory is almost impossible, says Dr. 
St. James-Roberts, for only the inves¬ 
tigator is certain of his intentions. Only he 
knows whether data were mishandled by 
accident or on purpose. And, of course, 
there are infractions of honesty so small as 
to be amusing, rather than dangerous (see 
box). 

Predictably, cheaters have been exposed 
only seldom in science, rather an odd cir¬ 
cumstance considering that scientists are 
subject to the same human frailties as 
everybody else. 

Dr. St. James-Roberts cites the affair of 
the N-rays as an example of how spurious 
results can sidetrack science. In 1903, 
French scientist Rene Blandot claimed to 
have discovered a variant on X-rays — 
N-rays — which could travel through 
metals and other materials that block 
X-rays. In the two years before the re¬ 
search was exposed, dozens of 
laboratories reported detection of the 
rays. The rays emanated from muscles, 
nerves, and the brain, had a spectrum, and 
were transmittable by wire, many scien¬ 
tists claimed. The French Academy even 
bestowed an award on Blandot for his 
work. The false claims were exposed 
when another professor showed that the 
rays were due only to the imagination of 
the experimenters. 

A more recent example of dishonesty is 
the 1974 case of Dr. William Summerlin 
of Sloan-Kettering Institute. Dr. Summer¬ 
lin admitted he painted laboratory mice to 
make them appear as if they had received 
successful skin grafts. Such a grafting 
would have marked a breakthrough in 
overcoming the immunological barrier 
that causes transplant rejection. 

Controls to prevent prevarication are 
needed, argues Dr. St. James-Roberts, so 
that unexpected results, and in fact entire 
areas of inquiry, will not be dismissed be¬ 
cause of the possibility of intentional bias. 

The current principal safeguard against 
scientific fakery, of course, is the require¬ 
ment that experimental results be inde¬ 
pendently replicated before being ac¬ 
cepted. However, argues Dr. St. James- 
Roberts, this safeguard works poorly: 
many small corners of science are sup¬ 
ported by only a few investigators; and 
scientific journals dislike repetitive mate¬ 
rial from these special areas. Further, in 
even more sophisticated research, few in¬ 
vestigators may have the competence to 
replicate some experiments. 

Despite scientists’ dedication to the 
ideal of truth, powerful pressures can be 
exerted by months of negative results, a 
publish-or-perish dictum, and ambition. 

Journals, the scriptures of scientific be¬ 
lief, are often loath to accept negative 
findings. Dr. St. James-Roberts knows; he 
conducted experiments to see whether 
student researchers would manipulate re¬ 


sults when given the chance, and discov¬ 
ered they wouldn’t. The results were de¬ 
nied publication specifically because they 
were negative. 

Although investigation of faked results 
will be unpleasant, Dr. St. James-Roberts 


feels it is science’s duty to forge ahead: 
“At the least such an unskeptical attitude 
is a curious one for a community whose 
way of life is based on skepticism.” — 
D.M. 
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The optimist emphasizes that wind 
energy is free, inexhaustible, and 
nonpolluting. The skeptic recounts the 
difficulties and uncertainties of 
collecting and converting it. The author 
places himself among the cautious 
optimists 



Say “windmill,” and most people think of either or both of these 
landmarks of the Dutch farmlands (left) and the American midwest. 
Both are horizontal-axis machines. By 1850 some 9,000 windmills 
were working in the Netherlands, pumping water and grinding 
grain; some were immense, with "sails” 30 feet long and rotors 80 
feet in diameter, generating 30 to 40 h.p. in winds of 25 m.p.h.; this 


calculates to 7 per cent efficiency. The multivane fan (right), 
invented in the U.S. in the 1850s, was universally used for lifting 
water — often to much greater lifts than the Dutch-type windmills. 
The social impact of this machine in terms of opening the western 
lands to agriculture and rail transportation was very large. 
(Photos: Harold M. Lambert, Ewing Galloway) 
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Wind Energy for Human Needs 


Systems to draw power from the wind have served man 
during at least 2,000 years of human history. However, 
the discovery and exploitation of coal, oil, and gas on an 
increasing scale in recent centuries has relegated wind 
power to an ever-smaller role. Interest waxed briefly in 
the 1920s and 1930s, when the technologies of fossil fuel 
extraction and electric generation were still young and 
when the technology of wind-powered electric generation 
had not been fully explored. Now the economic, en¬ 
vironmental, and geopolitical problems of a fossil-fuel- or 
plutonium-based world energy structure are once more 
bringing a resurgence of interest in wind energy. Emotion 
and romance aside, can the power of the wind in fact be 
harnessed on a practical scale to provide substantial 
amounts of energy to an industrial society such as ours, at 
a lower economic and environmental cost than fossil or 
nuclear alternatives? 

Windmills of History 

The exact date of the invention of the windmill is uncer¬ 
tain, but vertical-axis machines have been capturing the 
energy in Persian winds since the first millenium A.D. 
These windmills, with windcatching surfaces as much as 
16 feet long and 30 feet high, were devised for grinding 
grain. Machines of this type are used today in eastern Per¬ 
sia (Iran); they appear to be similar in many respects to 
their ancient counterparts. 

The western world discovered the windmill much later; 
the earliest written references to working windmills are 
1105 A.D. (Arles, France), 1180 A.D. (Normandy) and 
1191 A.D. (England). From that time the use of wind 
energy developed continuously in England, the Nether¬ 
lands, North Germany, Denmark, and elsewhere. Ac¬ 
cording to E. W. Golding, there were at one time over 
10,000 windmills grinding corn and pumping water in 
Great Britain. These were the familiar “Dutch” windmills 
— horizontal-axis, sail-type machines. Some had large 
rotors, 60 to 80 feet in diameter, with power outputs of 
30 to 40 horsepower in winds of 25 m.p.h. (If a windmill 
sweeping an area 80 feet in diameter can produce 40 
horsepower, it has captured about 7 per cent of the 
energy in a 25-m.p.h. wind.) Although these very large 
machines were numerous, most windmills were smaller. 
The Dutch reclaimed much of their land from the sea 
using two-horsepower windmills. 

A great virtue of the “Dutch” design was that the 
windmills could be built locally even in large sizes, with¬ 
out factory technology or high-performance materials. 
Many were built without metal, for example. 


The Dutch-type windmill is obsolete today, hopelessly 
expensive to build and maintain. Two other major types 
of wind machines — the multivane fan and the thin- 
bladed propeller — have replaced it as the machines of 
widest use. These three major types account for well over 
90 per cent of all stationary wind devices ever built. All 
are horizontal-axis devices, distinguished by the geomet¬ 
rical form of their wind catching surfaces. 

The multivane fan — the familar “farm windmill” of 
the American Midwest and West — was invented in the 
United States in the second half of the 19th century and 
has spread throughout the world. It is still being pro¬ 
duced and used, though in reduced numbers, and shows 
no sign of becoming obsolete. It is best suited for pump¬ 
ing groundwater in small quantities with moderate to 
large lifts. Without the multivane fan, beef production 
over large areas of the American West, the Australian 
interior, and elsewhere would not be possible, even to¬ 
day. Until dieselization, many transcontinental rail routes 
in the United States depended on large multivane fans to 
pump water for locomotives. 

The moderate rotation speeds of the multivane fan 
simplify mechanical design and contribute to low 
maintenance and extreme longevity in the installed 
machine. Although wooden multivane fans could be built 
by hand — and were in the early years — the universal 
practice today is to build them of steel in a factory. The 
largest size manufactured (30 feet in diameter) gives an 
output of about four horsepower in a 15-m.p.h. wind, 
but fractional horsepower outputs are much more com¬ 
mon. Many units installed over 50 years ago are still in 
active use, with minimal maintenance. This reliability is 
one of the multivane fan’s most attractive features. The 
multivane fan is a static technology, and it will probably 
not see further improvement or broader application. 

The third type of horizontal-axis wind machine is the 
propeller with two or three thin blades rotating at high 
speed. Such propellers have much higher aerodynamic 
efficiency than fans with wide blades, and they use mate¬ 
rials more efficiently. The high aerodynamic efficiency is 
only present at high blade speeds, which means that rota¬ 
tional speeds are also high, especially in smaller units. In¬ 
deed, propeller type windmills are sometimes known as 
the “high-speed type.” 

High rotational speeds are very appropriate for driving 
electrical generators, and until very recently all wind- 
powered electric generators were of this type. Small pro¬ 
pellers which swept circles four to six feet diameter were 
produced in quantities of hundreds of thousands in the 
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U.S. in the 1930s and 1940s to provide electricity to 
farms beyond the reach of central-station power. These 
small wind generators, producing a few hundred watts of 
power, supplied only a fraction of farm or household 
energy needs. Typically they were used to charge lead- 
acid storage batteries to operate radio receivers (which 
required more power in pre-transistor days), while the 
rest of the energy used on the farm was supplied by oil, 
gas, wood, or animals. The extension of the central 
power grid to virtually every household in the United 
States by the early 1950s eliminated the mass market for 
small wind generators. The propeller-type wind turbine 
has survived, as a commercially available energy source, 
for application in remote locations where electricity is 
needed and central-station power is not available. 

A Large but Frustrating Energy Resource 
The amount of energy in the ocean of moving air above 
the earth’s surface is enormous — and irrelevant. The 
technological problem of extracting any part of it at any 
reasonable cost is substantial. The density of air is not 
great, so equipment to remove appreciable amounts of 
energy from moving air must necessarily intercept a large 
area. The size of the equipment limits the practicality of 
wind-energy schemes. Unlike water, the air stream cannot 
be easily concentrated by channelizing, cannot be held 
back to store energy, cannot even be seen, and constantly 
changes direction and speed. 

The present state of knowledge of the magnitude of the 
wind energy resource is very unsatisfactory. Most wind 
measurements are made at airports, close to the ground; 
they have only limited relevance to wind-energy pro¬ 
grams. Local topography influences the wind greatly, so 
that regional wind surveys, though useful, have only the 
sort of relevance that geological survey mapping has to 
finding minerals. Winds vary considerably from year to 
year; in Amarillo, Texas, for example, the total energy in 
the wind was 1,652, 2,290, and 1,852 kilowatt-hours per 
square meter per year in 1970, 1971, and 1972. This is a 
difference of 30 per cent between annual totals from one 
year to the next. Monthly variations between years (Feb¬ 
ruary, 1970, compared with February, 1971, for exam¬ 
ple) were often even more. 

Wind contour maps of large regions, though interest¬ 
ing, are not enough for wind energy engineering. 
Although it is generally true that strong winds predomi¬ 
nate in the temperate and polar regions and weak winds 
in the tropics; that winds are stronger in oceanic and 
coastal areas than inland over continents; and that winds 



Radios came to the midwest in the 1930s, often long before 
central-station electric power, thanks to wind machines such as 
this. The wood blade is six feet long, and the machine's rated 
output in a 20-m.p.h. wind is 200 watts at 12 volts d.c. — ample for 
a radio receiver but hardly for a homestead. The 1974 price — the 
machines are still in production — was $500. 


blow harder in mountain highlands than on plains, large 
variations often invalidate general patterns. For example, 
the long-term average windspeed at Honolulu airport is 
11.2 m.p.h. About ten miles away in a mountain pass 
(Pali Lookout), the average wind is much higher, proba¬ 
bly over 30 m.p.h. Consider the monthly averages of 
measured night windspeed at the summit of Mauna Kea, 
Hawaii (13,796 ft. elevation, the highest point by far for 
thousands of miles in any direction): three of the 12 are 
over 18 m.p.h., one is over 21 m.p.h., and four are under 

14 m.p.h. Though not small, these average windspeeds 
are much lower than would have been expected consider¬ 
ing the unique nature of the site. 

While the plains of the North American midcontinent 
are quite windy, the plains of North India are not windy 
at all. A wind survey of all of India found no annual aver¬ 
age windspeed higher than 11 m.p.h., compared with — 
for example — 14.6 m.p.h. reported for New York City. 
An English study reports 49 sites in the British Isles with 
average windspeeds of over 18 m.p.h. Average 
windspeeds (at airports) for 40 U.S. cities range from 6 to 

15 m.p.h. One of the very best sites known anywhere is 
Mount Washington, N.H., where the U.S. Weather 
Bureau reports a long-term average windspeed of about 
36 m.p.h. at the summit. 

Within areas with high average windspeeds, preferred 
windpower sites can be found where the velocity is in¬ 
creased, sometimes substantially, because the wind is 
forced to flow around obstacles, through notches in 
ridgelines, etc. Variations of 20 per cent in windspeed, 
corresponding to a difference of 70 per cent in energy 
content of the wind, between sites separated by only a 
few tens of meters are common. For this reason, the 
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search for the best wind sites is very much like prospect¬ 
ing for minerals: a geological survey map is essential, but 
the actual location of the deposit has to be pinpointed by 
detailed local search. 

To evaluate a site for power production, a long interval 
of wind measurements (several years) is-desirable. The 
power in the wind at any instant depends on the cube of 
the wind velocity, so the average value of the velocity 
cubed is the figure needed to assess the power in the wind, 
averaged over time. Often the average value of windspeed 
is quoted instead, but of course the cube of the average is 
not the same as the average of the cube, and there remains 
the question — not trivial — as to whether the average 
value of v 3 can be inferred from the average value of v. If 
the so-called “structure of the wind” were the same at all 
sites, then a measurement of average velocity, which is 
relatively easy to acquire, could be routinely converted 
into the required v 3 for all potential sites. Considering the 
large year-to-year and point-to-point fluctuations in av¬ 
erage windspeed, however, the point may be of more 
interest than importance. 

Some wind power advocates feel that the importance of 
selecting excellent sites has been overstated. According to 
this view, the detailed survey and site selection work is a 
labor-intensive, time-consuming, and expensive activity, 
and ultimately the economics of wind generation are such 
that site selection will not pay for itself if it is overdone. 
Mass production and installation of large numbers of 
wind machines are the key to wind energy economics, ac¬ 
cording to this view. If high towers are used good wind 
will usually be found, and even though each individual 
installation is not optimized the cost/benefit ratio for the 
whole windpower system will be better. This is not the 
prevailing view at present. 

Physics and Technology of Wind Machines 
The energy in the wind is the kinetic energy per unit vol¬ 
ume of moving air, or 

T = V 2 p v 2 , 

where v is the velocity and p the density of air (typically 
1,200 grams per cubic meter). The number of unit vol¬ 
umes arriving at a wind machine per unit of time is just 
equal to the windspeed (a 10-meter-per-second wind will 
deliver 10 cubic meters per second of air to a machine 
having a cross section of one square meter), so the power 
in the wind is 

P = Vi p v 3 

per unit area perpendicular to the wind direction. 


This 100-kilowatt wind generator near Sandusky, Ohio, is the 
largest wind machine now in operation anywhere in the world. It 
was built by N.A.S.A. as an experimental prototype at a cost of 
about $1 million, and it has revealed at least two problems with 
which designers of future installations must deal: stresses in the 
62-foot blades have been greater than expected, and that problem 
has been compounded by vibrations attributed to erratic wind flow 
around the tower. N.A.S.A. and E.R.D.A. are now at a work on 
plans for a 1,500-kilowatt generator, and Richard L. Putoff, 
Program Manager of the N.A.S.A. wind power effort, says wind 
energy may ultimately provide up to 5 to 10 per cent of U.S. 
electricity demand. 
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No wind machine can extract 100 per cent of the 
power in the wind. (If this were possible, the velocity of 
the air downstream of the wind machine would be re¬ 
duced to zero, and the air would pile up and accumulate!) 
For horizontal-axis machines there is a rigorous upper 
bound, called the Betz limit, to the fraction of the power 
in the wind which can be extracted; the fraction is 16/27, 
or 59.3 per cent. Real horizontal-axis machines of the 
two- or three-bladed propeller type typically reach 60 to 
80 per cent of this under the best conditions. Multivane 
fans and Dutch-type windmills do somewhat less. 
Vertical-axis machines are not subject to the Betz limit; 
but there is still a limit, as we shall see. The value of this 
upper bound for vertical-axis machines is not exactly 
known; it depends to some extent on the type of 
vertical-axis machine. 


The Vexing Problem of 
Storing Energy 

Wind is an intermittant energy source. The problem of 
storing energy to supply the load when the wind subsides 
is a major stumbling block to many windpower applica¬ 
tions. 

The scope of this problem was demonstrated more than 
a decade ago by a medium-sized experimental wind sys¬ 
tem at Eilat, Israel, using lead-acid batteries for storage. A 
2.5-kilowatt wind generator (138 volts, 20-m.p.h. wind) 
was used to power an intermittant load whose maximum 
was three kilowatts; lead-acid batteries with a total capac¬ 
ity of 21 kilowatt-hours (150 ampere-hours at 138 volts) 
were used in parallel with the load as storage. The wind 
generator and batteries each cost SI,100 (1952). The 
maximum daily output of the wind generator in the 
three-year period was 30.5 kilowatt-hours; the average 
was 17.5 kilowatt-hours. The battery was full on the av¬ 
erage for 143 days a year. 

The following table summarizes system operation dur¬ 
ing a three-year period: 

Net usable 

Kilowatt-hours energy 
per year (kwh.lyr.) 


Total energy extracted from the 
wind 

6,420 


Energy dumped because battery 
was full and load off 

990 

5,430 

Energy dumped because of 
limitation on maximum battery 
charge rate 

1,230 

4,200 

Energy consumed in battery 
system during charge and 
discharge 

1,450 

2,750 

Net energy consumed in load 

2,750 



The obvious conclusion is that lead-add battery storage 
is expensive, wasteful of energy, and generally unsatisfac¬ 
tory. Though the battery cost as much as the wind 
generator, its capadty was sufficient to carry the full load 
for only seven hours. Only 43 per cent of the energy ob¬ 
tained from the wind reached the load; 57 per cent was 
consumed in the storage or had to be dumped. — M.F.M. 


If the output of the wind machine is electricity, then 
some additional constraints to efficiency are present. The 
electrical generator has a certain power rating which may 
not be exceeded. For example, assume the generator is 
rated at 10 kilowatts, and the windmill blades are made 
long enough to drive this generator at its rated output 
when the wind is, say, 25 m.p.h. Then if windspeed in¬ 
creases, even for a short time, to 27.5 m.p.h. and the 
windmill delivers the increased power to the generator, 
the latter would be destroyed. To avoid this a feathering 
mechanism, or some other decoupling system, is used so 
that the windmill does not deliver more mechanical 
power than the generator can handle. 

Continuing the example, if the wind drops below 25 
m.p.h., say to 20 m.p.h., the power in the wind is reduced 
significantly, to (20/25) 3 or just over half of its previous 
value, and the electrical output from the generator will be 
much less than 10 kilowatts. The 25 m.p.h., at which the 
windmill is just able to drive the generator to its full rated 
power, is called the rated speed. Below rated speed the 
wind generator delivers less than its nameplate output; 
but even with winds above rated speed the output is 
exactly the rated output. 

Small electricity-generating windmills, up to a few 
kilowatts’ capacity, are typically connected to deliver di¬ 
rect current. Variable rotation speed of the windmill shaft 
is acceptable, since voltage output can be controlled by 
field modulation. Larger windmills, however, present two 
complications which essentially require that their rota¬ 
tional speeds be constant: 

□ To be significant energy sources, large wind machines 
of 100 kilowatts and over will have to be integrated in 
large numbers into electric power networks. Each 
machine will thus have to deliver alternating current at 
the proper frequency, with controlled phase. This will re¬ 
quire either a synchronous or induction generator; in 
either case, constant-speed rotation of the windmill is 
necessary. Variable-speed transmissions or d.c.-to-a.c. in¬ 
verters, though technically possible, are not economically 
practical. The same is true — at least at present — of 
complex electronic devices to convert variable-speed 
shaft energy to constant-frequency a.c. power. 

□ Large rotating machines with blades tens of meters in 
length must be erected on towers, and it is important that 
the rotation frequency of the blades does not match any 
of the structural resonances of the towers. If rotation 
speed is allowed to vary as windspeed varies, the struc¬ 
tural resonances cannot be avoided. 

The requirement of constant-speed operation is a 
source of significant inefficiency, because a windmill 
extracts energy from the wind at peak efficiency only 
when its speed of rotation bears a particular relationship 
to wind speed. Since wind speed is uncontrolled, the 
aerodynamic efficiency of the windmill is nearly always 
suboptimal if its rotational speed must be constant. 

The rotor blade which is most efficient at extracting 
energy from the wind has both twist and taper, and pos¬ 
sibly a variable airfoil section. Such a blade is more ex¬ 
pensive to build than one of unchanging section which is 
neither tapered nor twisted. The cost of blades is a large 
part of the cost of the wind generator, and unfortunately 
the most cost-effective blade will not be the most efficient 
aerodynamically. The crucial figure is the amount of wind 
energy extracted per unit of capital expended; a more ex¬ 
pensive blade is warranted only if the value of the extra 
energy extracted exceeds its extra cost. This may seem 
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Different types of wind machines differ in 
their optimum speeds and efficiencies. The 
multivane fan of the American midwest is 
most efficient when the tips of its blades are 
moving at about the speed of the wind (tip 
speed ratio = 1); it then has a power 
coefficient (the ratio of its power output to 
the maximum theoretically possible) of 
close to 0.50. 


obvious, but experience has shown that engineers often 
have considerably more interest in seeking the most 
efficient design than in determining the most cost- 
effective compromise. 

With proper protective systems, rotors will not fail by 
overspeeding in high winds. Corrosion and ice buildup 
may be problems in some locations, but the most likely 
cause of blade failure can be expected to be fatigue. A 
windmill is, actually, an example of a fatigue-testing 
machine. However, all experience to date indicates that 
rotor failure, by fatigue or otherwise, is not likely to be a 
serious problem. Structural failure of the tower seems 
more likely, but that problem can also be controlled (see 
below). 

Wind machines are extremely large in physical dimen¬ 
sions compared to other types of power generating 
equipment of the same rating. For example, a diesel- 
powered generator which supplies 100 kilowatts con¬ 
tinuously when provided with 31 liters per hour of fuel 
weighs 1,740 kilograms and has physical dimensions of 
roughly 3 x 4.5 X 8 feet. The wind machine erected by 
N.A.S.A. near Sandusky, Ohio, which can supply 100 
kilowatts only when the wind is blowing strongly (rated 
windspeed 18 m.p.h.), is a two-bladed propeller which 
sweeps a circle 125 feet in diameter with the hub being 
located on a tower at a height of 125 feet. 

Supporting the Windmill in the Air Stream 
Tower support stability is a major engineering considera¬ 
tion in any windmill. Usually towers and high structures 
are engineered for minimum wind loading; windmills are 
a case where the engineer desires maximum wind loading 
at the top of the tower. Even on small windmills the lat¬ 
eral force on the top can be very significant. For example, 
the force on a windwheel 15 feet in diameter in a 50 
m.p.h. wind is a little over three metric tons. The engineer 
must design for the highest expected wind gust — the 
“once per century” condition. A difficult tradeoff arises 
because, in order to find the wind energy, it is normally 
desirable to raise a wind machine high into the air. 
Windspeed nearly always increases with increasing 


height. Data from anemometers at different heights on 
the same tower, over flat terrain, suggest that — on the 
average — increasing height from 100 feet to 150 feet 
means average windspeed increased by a factor of 1.18 
and power by a factor of 1.6. 

Tower cost is large, and the incremental cost of making 
a tower taller is also large. A serious effort to optimize 
tower height is justified, though there is as yet no sys¬ 
tematic way to go about doing this. Present thinking is 
that cost effective towers should be only high enough to 
provide a reasonable ground clearance for the rotor. 

Large horizontal-axis machines often place the rotor 
downwind of the tower. When this is done each blade 
crosses the wind shadow of the tower once per revolu¬ 
tion, and the resulting impulse loading complicates 
dynamic stability. 

Vertical-Axis Machines 

Although the first windmills were vertical-axis machines, 
no vertical-axis designs have ever been used on anything 
like the scale of the popular horizontal-axis types. 
Savonious rotors — invented, developed, popularized, 
produced and marketed in the 1920s and 1930s by the 
Finnish engineer of the same name — are perhaps the 
most familiar design. Recently the Darrius rotor (some¬ 
times called “eggbeater”) has been rediscovered, and it is 
presently regarded as among the most promising of the 
vertical-axis types. 

Any vertical-axis design has the obvious problem of 
having to return the windcatching elements against the 
wind (see diagram, page 37). This can be accomplished 
by shielding the returning elements with a windscreen, as 
in the Persian windmills; by hinging the elements (“ar¬ 
ticulating” them in the modern idiom) so that they 
present a large surface to the wind when traveling 
downwind and a minor surface when traveling upwind; 
by simply shaping them asymmetrically, as in the com¬ 
mon cup anemometer; or by more subtle means. The 
blades in machines using the less subtle means enumer¬ 
ated, and some others as well, are caused to rotate be¬ 
cause of a difference in drag forces between the 
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A hypothetical ideal horizontal-axis wind generator can extract 
59.3 per cent of the power in the wind. However, no real machine 
reaches this efficiency, even when operating at its optimum tip 
speed ratio. The bold line shows the actual output of a 13-kilowatt 
windmill constrained to operate at a constant speed of rotation in 
order to generate electricity for a synchronous grid; efficiency falls 
sharply as the tip speed ratio departs from optimum. 


downwind-moving and the upwind-moving elements. 
Machines of this type are limited in rotational speed by 
the condition that the downwind-moving elements can¬ 
not move faster than the wind. They are not very efficient 
in extracting energy from the wind and not very econom¬ 
ical in use of materials, since the cross-section of material 
is larger than the cross-section of wind intercepted. The 
compensating advantage is simplicity and ability to re¬ 
spond to gusty winds of rapidly changing direction. The 
only applications of interest today are for vertical-axis 
machines of rather small scale. 

The other class of vertical-axis machines is defined by 
the fact that more than the drag difference is used to 
power them; lift forces are also involved. These may 
properly be called vertical-axis turbines — indeed, the 
present government-type terminology is to call them 
V.A.W.T.s (Vertical Axis Wind Turbines). A familiar 
example of this type of device is the small vertical-axis 
ventilator commonly seen on the roofs of buildings. The 
Savonious rotor (see page 37) falls into this class unless 
the space between the two “wings” is blocked, in which 
case it is a differential drag machine. These two types of 
V.A.W.T. are, however, still not very efficient, and they 
are not economical in use of material. 

The Darrius rotor, a most promising V.A.W.T. 
configuration, has only two or three thin blades, rotates 
quite rapidly (the speed of rotation depends on the diame¬ 
ter of the machine, but the outermost parts of the blades 
move at three or four times the windspeed) and is almost 
as efficient as a good horizontal-axis propeller (called a 
H.A.W.T. in today’s language). The Darrius rotor will 
not self-start, but this is not a problem when it is con¬ 
nected to drive a generator, since the generator can be 
driven as a motor to get the rotor up to speed. 

The major advantage of the V.A.W.T. over the 
H.A.W.T. is that the gearbox and generator can be on the 
ground, not at the top of the tower. This has a very bene¬ 
ficial effect on the cost of the structure. Also, there is no 
need for a mechanism to rotate the machine when the 
wind changes direction, which again simplifies design and 
saves money. 

Large Wind Generators for Electric Power 
Wind energy has been harnessed for human needs by a 
very wide range of devices and applications — from sail¬ 
ing ships, ventilators, small battery-chargers for inacces¬ 
sible places, and wind-driven pumps to very large wind 
generators for electric power, used as part of a regional or 
national electricity network. The smaller-scale applica¬ 
tions already have had a large impact on human needs 
throughout the course of history, but the very large-scale 
machines are the ones which are the most exciting to con¬ 
template. 

There is a considerable history of attempts to use wind 
energy for electricity generation on a regional scale. Sev¬ 
eral European countries — notably Denmark, England, 
and France — have had large national programs in the 
past. A number of prototype and test units, all 



horizontal-axis, propeller-type machines, were built and 
operated for a few years in the 1940s and 1950s under 
these national programs. All were abandoned in the face 
of cheap and abundant Arab oil and projections of cheap 
and abundant nuclear fission energy. 

But the largest of the large-scale prototype wind 
generators built anywhere to date was erected in the 
United States in the early 1940s as a private development 
effort. This was the Smith-Putnam wind turbine, a two- 
blade propeller with a 175-foot diameter swept circle, lo¬ 
cated on a rounded mountain called Grandpa’s Knob in 
southern Vermont. The propeller drove a 1,250-kilowatt 
synchronous generator connected into the local power 
network. The wind generator, at rated output, repre¬ 
sented about 10 per cent of the generating capacity of the 
utility system. The machine was operated intermittently 
for several years as a test unit, firming the design for the 
100 production units which were expected to follow. At 
the conclusion of the test phase it was turned over to the 
utility for use as a regular generating station. Unfortu¬ 
nately it operated in this mode for only a few months. 
Failure was spectacular; a blade broke off at the root and 
was thrown a great distance. The fracture occurred at a 
point of known metallurgical weakness which could not 
be properly repaired because of wartime conditions. The 
100 production units were never built, and the test unit 
was dismantled since the projected cost of the wind 
energy was greater than the cost of energy available from 
other sources. 

In the 1970s interest has revived. Today the United 
States does have a national program — by far the most 
vigorous national program in the world at this time. The 
program focus for large-scale power-generating 
windmills is on horizontal-axis, two-bladed propellers, 
and the first of these, a test unit, has been running since 
late in 1975 near Sandusky, Ohio. Current plans call for 
installation of several more units in the next two years, all 
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How much wind power is available at any 
particular site, and how much of it can a 
particular wind machine utilize? A chart 
such as this answers both questions. The 
dashed line shows the distribution of the 
wind velocities measured during a typical 
year (8,760 hours) at a typical excellent 
wind power site; the solid line shows the 
distribution of available power, proportional 
to the cube of the velocity. The wind 
machine whose output is represented by the 
black area in this diagram is an ideal 
propeller-type wind generator with rated 
windspeed of 27 m.p.h. (The rated wind 
speed is that required for the generator to 
reach its maximum electrical rating; if wind 
speed is in excess of 27 m.p.h., the excess 
power is deliberately wasted, since 
additional power supplied to the generator 
will overload the electrical system.) The 
wind generator's "cut-in" speed, below 
which no power is generated at all, is 17 
m.p.h.; and the "furling" speed — the 
windspeed at which the machine is 
automatically halted in order to prevent its 
destruction — is 60 m.p.h. Thus the black 
area is proportional to the energy which can 
be extracted by this ideal wind machine. 
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on utility systems at sites owned by utilities. The largest 
units now envisioned will have outputs of 1,500 
kilowatts at rated windspeed. The swept circle diameter 
would be about 200 feet, somewhat larger than the 
Smith-Putnam machine. Such machines will have to be 
multiplied in large numbers to make an appreciable con¬ 
tribution to U.S. energy requirements. The hope is that 
after the government program shows the way and pays 
the research, development, and engineering costs, the 
wind generators will be inexpensive enough to make 
them competitive with other sources, and the multiplica¬ 
tion will occur. 

The first large wind generator to be connected into a 
utility system in recent years will, however, be in Canada, 
not in the U.S. It will be a vertical-axis Darrius rotor 
machine, driving a 200-kilowatt generator on the Magda¬ 
len Islands in the Gulf of St. Lawrence. The connected 
load in the system (a disconnected segment of the Hydro 
Quebec system) is 24,000 kilowatts, currently handled 
entirely by diesel generators, so the wind generator will 
be a minor fraction of the total. If successful, more wind 
generators will be added. The site is windy (annual aver¬ 
age 20 m.p.h.), and diesel fuel is expensive ($15 per bar¬ 
rel, resulting in fuel cost of three cents per kilowatt-hour), 
and these two factors combine to suggest the economic 
viability of wind energy. 

Environmental Impact 

One of the obvious and important advantages of wind as 
an energy source is that environmental impact of its use is 
so small as to be virtually nonexistent. Indeed, one can 
hardly imagine a primary energy source with less en¬ 
vironmental impact. The principal environmental insult 
will be that associated with the mining and processing of 
the materials, especially metals, used in construction. 
This will of course be present in any power generating 
scheme. 


It is customary to catalog all conceivable environmen¬ 
tal disturbances which could result from a new 
technology, widely applied. There are some environmen¬ 
tal disturbances to be expected from wind machines, but 
the quantitative effect of these is expected to be so small 
as to be hardly noticeable. For example, climatic distur¬ 
bance caused by extracting energy from the wind can 
hardly be greater than that we now tolerate routinely 
from buildings and tall trees, considering the maximum 
plausible numbers of wind machines and the small frac¬ 
tion of the moving airstream which will be intercepted. 
Blade noise should be minor, and large machines will be 
located far from human concentrations. Bird kill by im¬ 
pacting whirling blades has not been noted to date; in any 
case it should be negligible compared to other sources of 
bird mortality. Compared to the ecological disturbances 
associated with hydro, nuclear, and fossil sources, wind 
energy is absolutely clean. 

Two problems sometimes mentioned are radio and TV 
interference and the visual effect of high towers unaes- 
thetically cluttering the landscape. These are not en¬ 
vironmental impacts in the sense of affecting the natural 
ecology of an area, though they may be undesirable from 
the standpoint of human activities. 

Utilizing the Unsteady Wind 

A most serious constraint to the use of wind power arises 
from the fact that wind is an intermittent energy source. 
Effective use requires an interruptible load, an energy- 
storage system, or a standby source able to respond on 
demand. The traditional uses of wind power — grinding 
grain, pumping water for livestock or irrigation — are all 
interruptable loads. To a very limited extent, an interrup¬ 
tible load may be created by designing high thermal iner¬ 
tia (insulation) or high mechanical inertia into the 
energy-consuming system. A wind-powered refrigerated 
warehouse can be regarded as an intermittent load, for 
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The power in the wind increases with height above the earth at 
most points; hence the concern of wind machine sponsors to 
elevate their machines on towers. But the forces on such towers 
are very large, and the cost can exceed the value of the extra 
energy to which they provide access. 


example, if the time for natural warm-up is many days. 

The use of wind energy on a standby basis, where the 
wind machine functions only as a fuel saver, has the dis¬ 
advantage of requiring a capital investment for both the 
wind system and the standby system. In the same way, an 
energy storage system represents an additional invest¬ 
ment which produces no energy; in fact, being imperfect, 
the energy storage system itself can be expected to con¬ 
sume energy. Water power is a more complicated case. 
Although there is no fuel charge, it usually happens that 
annual hydroelectric energy production is limited by 
availability of water. When wind generators are con¬ 
nected in parallel with a hydro station, water can be con¬ 
served when the wind generators are producing; thus the 
use of hydro in combination with wind may be a highly 
economic proposition. In fact, it would be correct to say 
that an electric utility with some hydro capacity in its sys¬ 
tem is in a substantially better position to use wind¬ 
generated electricity than one which does not, given the 
same amount of wind energy available in both cases. 

Energy storage systems proposed for use with wind 
energy systems include electrochemical storage batteries 
(the only well-established system commonly used with 
wind generators today), flywheels, compressed air in un¬ 
derground caverns, hydrogen, and pumped hydraulic 
storage. 

Under even optimum conditions electrochemical bat¬ 
tery storage is very expensive in both capital cost and in 
energy loss. A 115-volt, 130-ampere-hour “stationary 
service” battery set costs about $650, or $43 per 
kilowatt-hour — a high price indeed when kilowatt- 
hours are worth only a few cents each. In addition, energy 
is dissipated in charging and discharging the batteries. If 
energy becomes available at a rate exceeding the 
maximum charge rate of the battery system (as in a strong 
wind), some of the energy must be dumped even though 
the storage is not full. 

Among the various storage systems possible, there is 
today no real alternadve to electrochemical batteries. 
Storage through hydrogen gas obtained from wind¬ 
generated electricity by the electrolysis of water has been 
studied and demonstrated on a small scale. Although 
feasible in a strictly engineering sense, the costs are much 
too high at present. Losses of energy are severe, and the 
cost of the necessary components adds substantially to 
the investment in the wind system. 

Flywheels are not now an energy storage alternative, 
but very-high-strength materials, which have become 
available only recently, may make flywheel storage prac¬ 



tical in the 1980s. The high-strength materials are im¬ 
portant because energy stored increases with the square 
of rotation speed, and rotation speeds are limited by the 
ability of flywheel materials to withstand centrifugal 
stresses. One computation shows that a flywheel made of 
new high-strength fiber materials storing 15 kilowatt- 
hours would weigh about 91 kilograms (including the in¬ 
tegral generator) and rotate at between 25,000 to 75,000 
r.p.m.; it would fit into the engine compartment of a 
small car. Larger units, intended for electrical power 
storage at the substation level in existing utility systems, 
might utilize rotors 12 to 15 feet in diameter weighing 
100 to 200 tons; at 3,500 r.p.m., the stored energy would 
be between 10,000 and 20,000 kilowatt hours. 

The use of wind in connection with a substitute 
standby energy source is of more immediate practical 
interest. The key requirement is the availability of a reli¬ 
able and controllable standby source capable of provid¬ 
ing enough power to meet the maximum demand. This 
source must have low capital cost and offer unutilized 
generating capacity which can be called upon at any time. 
The Smith-Putnam wind turbine on Grandpa’s Knob in 
Vermont was an example; it was connected with a public 
utility system which obtained power from a number of 
medium-size hydroelectric plants. When winds were 
strong and wind power output substantial, water was 
allowed to accumulate behind the various dams in the 
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Tackling the “Dynamic Imbalance” in M.l.T. 
Finances 

After three years in which operating expenses have exceeded revenues and 
unrestricted income — in other words, years of operating deficits — there 
remains a “dynamic imbalance” in the Institute’s finances which Paul E. 
Gray, '54, Chancellor, calls “the most difficult and intractable problem we 
face.” 

By “dynamic imbalance" he means the situation in which the Institute’s ex¬ 
penses are growing faster than the revenues and funds to meet them. For 
example, even with vigorous efforts to prune budgets, operating expenses in 
1975-76 were up 8.8 per cent over the previous year, to $269.3 million. Two 
of the four income streams available to meet these expenses — tuition and 
research revenues — increased comparably in 1975-76. But gift income and 
income on investments showed little change. 

"Because these rates of growth are different,” Dr. Gray told the faculty last 
fall in his annual report on the Institute’s finances, the difference between in¬ 
come and expenses — the deficit — “tends to grow dramatically each year.” 

It is a persistent problem whose roots lie in the leveling and even decline of 
sponsored research volume (measured in constant dollars) between 1968 
and 1975, in the tripling of energy costs in the fall of 1973, and in the nation’s 
continuing “stagflation,” in which high rates of inflation are accompanied by 
low rates of economic growth. 

A Draw-Down of Capital That Costs $600,000 a Year 

To offset the growing differential between expenses and revenues there 
have been significant budget restraints at M.l.T. for the past seven years — 
reductions which by now have totalled some $15 million. Only $4 million of 
this, about 25 per cent, came from academic budgets; $11 million was 


Research Reimbursement at Stake? 

Will federal agencies continue the "long- 
established principle" of reimbursing col¬ 
leges and universities fully for both the di¬ 
rect and the indirect expenses of research 
under their sponsorship? 

A federal task force is now studying the 
issue, in response to "federal pressures 
both within the Congress and in funding 
agencies ... to mandate higher levels of 
post-sharing by all universities participating 
in sponsored programs and to reduce the 
share of indirect expenses paid by research 
sponsors,” Paul E. Gray, '54 Chancellor, 
told members of the faculty during his re¬ 
view of M.I.T.'s finances late last fall (see 
left). There is potential, he fears, for a 
"devastating effect" on M.l.T’s budgets. 

“We intend to make a maximum effort, by 
ourselves and in consort with other re¬ 
search universities, to preserve the policy of 
reimbursement for the full costs, direct and 
indirect, of sponsored research,” Dr. Gray 
told the faculty. “It is important to under¬ 
stand that if federal policy moves sig¬ 
nificantly in the direction proposed by cer¬ 
tain members of Congress and by persons 
within the Department of Health, Education, 
and Welfare, the Institute could lose as 
much as $2 to $3 million per year in recur¬ 
ring revenues. 

"Such a change would, of course, have a 
devastating effect on the deficit." 
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Leadership Campaign at $89.7 Million 

The $225 million Leadership Campaign, 
launched in April, 1975, to muster major 
new resources for stood at $89.7 mil¬ 
lion — 40 per cent of its goal — by mid- 
November, 1976. Of that total of gifts and 
pledges, $24 million is designated for new 
endowment, according to Howard W. 
Johnson, Chairman of the Corporation, re¬ 
porting to the Corporation Development 
Committee on November 5; the five-year 
goal is $100 million in new endowment. 

To emphasize the importance of uncom¬ 
mitted funds such as endowment income. 
President Jerome B. Wiesner cited for 
C.D.C. members the Institute's use of such 
funds "several years ago" to make possible 
the particle physics work of Samuel C. C. 
Ting, Professor of Physics, which led to his 
1976 Nobel Prize in Physics (see page 7). 
Assuring this kind of future financial integ¬ 
rity and independence, Dr. Wiesner said, is 
the “most important single thing" he and 
others can do at this time. Accordingly, they 
are "giving the Campaign the highest prior¬ 
ity in terms of time.” 

James B. Lambert, S.M. '39, Vice 
President for Resource Development, told 
the C.D.C. that some 30 per cent of the 
$225 million Campaign goal should come 
through gifts and grants from business and 
industrial firms. That's the task of Richard L. 
Terrell, Vice Chairman of General Motors 
Corp. (he studied in the Sloan School’s 
Program for Senior Executives in 1958), 
who is now recruiting a National Business 
Committee of which he will be Chairman. 

Some 40 per cent of the Campaign total 
will come from individual donors and 30 per 
cent from foundations. Over the five-year 
Campaign period the Alumni Fund is due to 
realize $26 million, according to James A. 
Champy, '63, Executive Vice President of 
the Alumni Association. 


M.l.T. Finances 

Copies of a detailed statement on "M.l.T. 
Finances: Recent Trends and Future Out¬ 
look," prepared by Paul E. Gray, '54, Chan¬ 
cellor, and others for discussion at the 
November, 1976, meeting of the M.l.T. fac¬ 
ulty, are available on request. Write Tech¬ 
nology Review, Room E19-430, M.l.T., 
Cambridge, Mass., 02139. 


pruned from so-called "support" budgets — administration, physical plant, 
and such activities as the Summer Session, Medical Department, and stu¬ 
dent affairs. The budget for 1976-77 includes $3.3 million of such reductions. 

But the imbalance persists. For the current year, 1976-77, expenses are 
budgeted to be $275.2 million, up 5.2 per cent. After all operating revenues 
are committed, there will still be need for $4.5 million to pay these bills. Of 
that, $3.4 million will come from gifts, grants, bequests, patent revenues, and 
facilities allowances; this leaves $1.3 million to be drawn from capital funds. 
That’s better than the $2.6 million needed last year and $5.2 million in 1974- 
75. But it represents a depletion of the Institute’s capital resources instead of 
the increases which were typical of the Institute’s years of growth in the 
1950s and 1960s. 

The cumulative use of capital funds (including reserves) since 1972-73 has 
been $12.1 million. Those are funds “which, had they not been used to meet 
current operating expenses, would be generating about $600,000 per year in 
investment income,” Dr. Gray told the faculty. Present spending has thus de¬ 
prived the Institute of future income. 

Enhancing the “Grey” Capital While Saving the “Green" 

Dr. Gray told the faculty that M.I.T.’s budget for 1977-78 can be balanced — 
that is, that revenues can be increased and expenses decreased so that 
there will be no gap between them. Then come two more goals: 

"To set aside each year some portion of the unrestricted funds received so 
that they can be used for capital purposes" — endowment, physical plant, or 
new educational programs. 

And finally the hardest task: “to shape the Institute’s finances so that the 
operating budget will be dynamically balanced — to move toward a condition 
in which the growth rates of revenues and expenses are, and remain, in bal¬ 
ance over an extended period.” 

Dr. Gray said he is aware that annual budget cuts continued into the future 
can lead to “a decline in innovative activity and, ultimately, to decreases in 
quality on a broad scale." He’s determined that this won’t happen — that his 
financial goals be met "in ways that will continue to enhance the intellectual 
and academic strengths of M.l.T." And he drew on an expression credited to 
Walter A. Rosenblith, Provost: conserving the financial resources represents 
the “green” capital of the Institute; but there is also the need to enhance its 
“grey” capital — “the collective intellectual resources of the men and women 
on whom the future of the Institute depends.” 

“Underendowed” by $200 Million 

To balance M.I.T.’s budget for 1977-78 will require more hard decisions, and 
it will be possible only if the nation’s rate of inflation remains moderate, if the 
Institute’s research volume continues its recent modest growth, and if the in¬ 
come on M.I.T.’s present endowment base can grow at 3 per cent a year — 
which is to say that the $225 million Leadership Campaign meet its timetable 
for increasing M.I.T.’s invested funds. 

The tough decisions: further reductions of about $2 million in budgets, con¬ 
tinued increases in tuition, "minimum” increases in the use of unrestricted 
funds for undergraduate financial aid, and enrollment reaching 9,000 by Sep¬ 
tember, 1977 — a 10-per-cent increase in four years. 

The longer-term goal of a dynamic balance in M.I.T.’s finances depends on 
major changes in endowment and annual giving. 

Dr. Gray proposed to the faculty that M.l.T. is "underendowed" by about 
$200 million; that is, he said, given the Institute’s size and commitments, it 
should have another $10 million of annual investment income. Accordingly, 
Dr. Gray emphasized to the faculty the importance of the Leadership Cam¬ 
paign’s goal of $100 million of new endowment by 1980 — “a tremendous 
help in insuring the future strength of the Institute,” he said. — J.M. 
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Since 1962, more than one-third of the $103 mil¬ 
lion which M.l.T. received in unrestricted funds 
has been added to endowment; just over 20 per 
cent was used for buildings, and $44 million was 
used for current operations. But through the entire 
period there's been a trend toward using these re¬ 
sources for balancing the operating budget, and 
in the years ending in 1974, 1975, and 1976 an 
operating deficit had to be made up by drawing on 
unrestricted capital funds. Paul E. Gray, Chancel-, 
lor, says the "significant improvement" since 
1975 will continue; he projects a $1.3 million de¬ 
ficit in 1976-77 and a balanced budget in 1977-78. 
Then will come the goal of each year setting aside 
increasing amounts of the Institute s new unre¬ 
stricted funds for endowment and new projects. 


Education for the 21st Century: A New “College” of 
Humanities and Technology 

How can the humanistic and technological streams of M.l.T. be brought to¬ 
gether to help us better understand the vital issues of a technological society 
— the questions of value and choice which define our present and future, and 
over which technology has such a subtle but commanding influence? 

A new answer to this vexing question — it has been a central preoc¬ 
cupation of many at M.l.T. since the inauguration of President Jerome B. 
Wiesner in 1971 (and even before) — was proposed late last year by a major 
faculty study group led by Elting Morison, Elizabeth and James Killian Class 
of 1926 Professor in the School of Humanities and Social Science. It is now 
being implemented in a “college within a college’’ — an informal grouping of 
faculty and students whose goal, in President Wiesner’s words, is simply “the 
study of technological society.” 

Three distinguished scholars have already joined the School of 
Humanities to work in this new “college”: 


Intregrating Science and Humanities 

For President Jerome B. Wiesner, the be¬ 
ginning of the new "college for the study of 
technological society" fulfills a goal cited in 
his Inaugural Address as 13th President of 
M.l.T. in 1971. He spoke then of M.l.T. stu¬ 
dents' capacity and great desire to "develop 
broadly in all spheres — moral, social, intel¬ 
lectual, and political. . .. 

“New cooperative ventures involving the 
social sciences and humanities should draw 
disparate disciplines closely together and in 
so doing provide opportunities to create ex¬ 
citing new forms of professional education. 
Thus — by integrating science and tech¬ 
nology with the study of man and his culture 
— can we recast the concept of a liberal ed¬ 
ucation in a contemporary mold.” 
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Carl Kay sen: Helping Us Understand 
"How Our Society Manages Itself" 

Carl Kaysen, a noted political economist 
who has been Director of the Institute for 
Advanced Study at Princeton, N.J., for the 
past decade, is now David W. Skinner Visit¬ 
ing Professor in the School of Humanities 
and Social Science. 

He’ll be associated with the new program 
on questions of societal value and choice 
(see right) in the School of Humanities, and 
Dr. Kaysen will teach two undergraduate 
courses during the coming term — one a 
historical study of government-business re¬ 
lations in the U.S., the other on economic, 
political, and social inequalities in the U.S. 

President Jerome B. Wiesner, who an¬ 
nounced Dr. Kaysen's appointment, said he 
“will strengthen our commitment to the 
study of some of the central problems of 
modern society ... in order to gain deeper 
insights into the whole process by which our 
society manages itself." 

It was under Dr. Kaysen’s leadership — 
he has been Director of the Institute for Ad¬ 
vanced Study since 1966 — that a new 
School of Social Science was organized in 
Princeton: Dr. Kaysen, having retired as Di¬ 
rector, will return to that School. 

Formerly at Harvard, Professor Kaysen 
was Deputy Special Assistant for National 
Security Affairs under President John F. 
Kennedy from 1961 to 1963, when he 
worked on the 1963 nuclear test ban treaty. 
Since then he has studied and written on a 
number of issues concerned with social pol¬ 
icy and social change. 


Gerald Holton, Mallinckrodt Professor of Physics and Professor of the His¬ 
tory of Science at Harvard, is Visiting Professor of Physics and the History of 
Science at M.l.T. this year. 

Kenneth Keniston, formerly Professor of Psychiatry in the Yale University 
Medical School, is Andrew W. Mellon Professor of Human Development at 
M.l.T. 

Leo Marx, a leader in the field of American studies at Amherst College since 
1958, is now a member of the M.l.T. School of Humanities as William R. 
Kenan Professor of American Cultural History. 

Harold J. Hanham, Dean of the School of Humanities and Social Sci¬ 
ence, says these three have come to M.l.T. because of their common interest 
in “the value and choice questions of modern society.... and the opportunity 
to work with others throughout the Institute who consider such study neces¬ 
sary for... an adequate framework for life in modern industrial society.” 

The goal for the new “college” — it's called that to recognize “the 
broad intellectual collegiality that the study group visualized,” says President 
Wiesner — will be to lead at M.l.T. a new and serious analysis of the conse¬ 
quences for man of a society with science and technology as a driving force. 

By one of the principals — unidentified — Change magazine last 
summer was told that the new "college” is "one of the the few new exciting 
ideas in education — at least since the 14th century.” He described its pur¬ 
pose as to “establish bonds at right angles to each other, to create, in other 
words, a super diamond. The difference between an ordinary hydrocarbon 
and a super diamond, after all, is simply one of bonding.” 

“A College for the Study of Technological Society” 

Professor Morison’s study commitee — an informal grouping of members of 
the faculty who consulted with more than two score distinguished experts 
from outside the community — worked for nearly three years on the plans 
that are now being implemented. 

The consensus was that nowhere in the U.S. is there an undergradu¬ 
ate program which provides an adequate framework for life in modem in¬ 
dustrial society and that, among U.S. institutions, M.l.T. may be uniquely 
equipped to develop such a program. 

The goal: to provide students with a thorough grounding in science 
and technology and a comparably thorough sense of the humanities and so¬ 
cial sciences — in a sense the modem equivalent of the traditional liberal 
education. “For only if society pays heed to the structures of power, custom, 
thought, and expression as they have developed and — as well — to the cur¬ 
rent nature of the human condition can it hope to make the fullest use of sci¬ 
ence and technology," says one description of the committee’s recom¬ 
mendation. 

The committee paid little heed to the organizational form appropriate 
to support this new endeavor, and the words “college” and “forum" have 
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been used simply because they have no present organizational connotations 
at the Institute. As it is working out, Professors Morison, Holton, Keniston, 
and Marx are providing an initial nucleus for what is now called “the college,” 
around which they expect an increasingly lively participation by other mem¬ 
bers of the faculty. 

President Wiesner himself has noted the broadening interests of 
many M.l.T. faculty into areas “where the solutions appear to depend on the 
useful intersection of a variety of factors — political, economic, technological, 
and scientific.” Indeed, the number and variety of these, he told members of 
the Corporation’s Development Committee last fall, now suggest “a disper¬ 
sion of energy which has been a source of considerable frustration.” 

Now, he thinks, there is a rallying point for those interests, for those 
who "sense that solutions for many of the existing problems depend upon 
more satisfying fusions of our different kinds of knowledge . . 

Integrating the Undergraduate Experience 

The new “college” is making a modest beginning this year, “using current 
resources such as unfilled chairs and existing educational programs as a 
springboard,” as Dr. Wiesner expressed it for the C.D.C. For this year, Pro¬ 
fessor Morison says he will be satisfied to develop “a trial curriculum for a 
limited number of undergraduates.” Its goal: “A more substantial integration 
of science and engineering on the one hand, and the humanities and social 
sciences on the other hand, than has been possible so far.” 

Professor Morison first taught at M.l.T. in the field humanities in 1946, 
when he was beginning research and writing which have since won for him 
wide acclaim in the field of modern American history — especially the effects 
of the Industrial Revolution on more recent scientific and technical progress. 
At Harvard since 1945, Professor Holton is known for work in molecular 
physics and the history of science — and especially for developing a science 
course for nonscientists which has become “a model at universities through¬ 
out the country,” says Dean Hanham. 

Professor Keniston is a student of modem America, author of widely 
respected studies of the attitudes of modern American youth. He has been 
Chairman and Executive Director of the Carnegie Council on Children, and 
Dean Hanham says he is “an excellent choice to contribute to a study ... of 
the problems and possibilities of a society based on technology." Professor 
Marx, whose degrees are in the field of American civilization, is author of The 
Machine in the Garden — a book which, says Dean Hanham, "deals with 
precisely the questions that M.l.T. is concerned with regarding the accom¬ 
modation of technology in our society.” 

The first courses of the "college,” given last fall, were “Aspects of the 
Scientific Imagination” by Professor Holton, “Youth Movements” by Pro¬ 
fessor Keniston, and “Literature and National Experience in the U.S.” by Pro¬ 
fessor Marx. — J.M. 


“Openness to the Role of the 
Humanities and Social Sciences ...” 

Kenneth Keniston, whose appointment as 
Andrew C. Mellon Professor of Human De¬ 
velopment puts him in the middle of M.l.T. 
efforts to fuse a closer relationship between 
the sciences and the humanities (see left), 
likes what he sees at the Institute. 

After about a year at M.l.T., he told Nina 
McCain of the Boston Globe late last fall, he 
finds that “a significant group (of students) 
here is getting skills so they'll be able to do 
things in society. And they’re also interested 
in the social meaning of what they're do¬ 
ing." 

To Professor Keniston, whose books 
have made him an authority on the political 
and social concerns of college-age Ameri¬ 
cans in the 1950s and 1960s, that’s unusual 
— almost unique. It's true, he told Ms. Mc¬ 
Cain, that most students now "are just as 
disillusioned with society, if not more so, as 
they were in the late 1960s." But there’s a 
difference, he said. A decade ago many 
students "felt they could change the country 
fast." They soon enough discovered that 
was unrealistic, and now “the commitment 
to political, social action has fallen off to the 
point of disappearance." 

But not at M.l.T., he finds. People here 
"think harder about the education of scien¬ 
tists and engineers than they do at most lib¬ 
eral arts colleges ... One of the exciting 
things at M.l.T. is the openness of the fac¬ 
ulty and administration to the role of the 
humanities and social sciences in education 
and human life." 
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A Gastronomic Campus Survey: 

Who Eats Where, Why, and How Much? 


If you sign up for three meals a day five days 
a week in an M.l.T. dining hall — Walker, 
Lobdell, Baker, or MacGregor — this year, 
the cost is $5.95 a day. Add $8.92 for the 
two weekend days, when there's service 
only in Lobdell. Or buy a coupon book with 
268 points in it; dinner costs four points, 
lunch three, and breakfast one — which 
works out to $3.66, $2.74, and $.91, respec¬ 
tively. However you do it, there are "unlim¬ 
ited seconds," and that advantage — "in¬ 
finite food" — is what won Steven L. Horn, 
’79, (and lots of his colleagues, he thinks) to 
“Commons” this year. 

Daniel A. Nathan, '80, of The Tech found 
other reasons among other "Commons" 
advocates in a survey late last fall. “I'm too 
lazy,” said David Jacobs, '80, about doing 
his own cooking. Scott Bernard, '78, said he 
enjoys “Commons" “as a time to be social." 

Some 1,130 students signed up for 
“Commons" last fall; that's about one-third 
of those living in Institute Houses and 
apartments on the campus. Most of the 
others put together their own meals for 
themselves — in kitchens in New House, 
MacGregor, Burton House, and Bexley Hall, 
on hotplates and in toaster ovens where 
kitchens aren't available. Sharon Low- 
enheim, '80, gave up “Commons”: "I 
couldn’t pick and choose; I couldn’t go out 
and eat when I wanted to,” she told Mr. 
Nathan. Lauren Turkanis, '78, likes to cook, 
and “I can eat what I want when I want it.” 
Mr. Nathan thinks that “do-it-yourself" 
cooks spend as much as $15 a week for 



n China and Silverware .. 

he Editor: 

''If you're invited to dinner at an M.l.T. 
fraternity this fall, don’t be surprised ... to 
be served on M.l.T. Food Service china.. ." 
(see October /November, page A15) is 
completely unjustified slander. 

As most fraternities offer fairly complete 
meal plans, it is rare that any of their mem¬ 
bers eat a Dining Service facility. This being 
the case, they lack opportunity to "lift" Din¬ 
ing Service tableware. 



My own fraternity has a complete set of its 
own china and silverware, none of which 
bears any particular resemblance to that 
used in "Commons." As does Dining Serv¬ 
ice, we lose a certain quantity of it each year 
— to breakage, but not to theft. 

I believe that it would be proper for 
Technology Review to offer an apology to 
the M.l.T. fraternal community for this 
uncalled-for slur. 

Scott D. Tobias, 77 

Mr. Tobias is Chancellor of Tau Epsilon Phi; 
the Editors hope that his legitimate request 
is fulfilled by this publication of his letter. — 
J.M. 


These caricatures ot misshapen M.l.T. "tools" — 
humpbacks, vampires, and gorillas — are actually 
costumed M.l.T. undergraduates — candidates in 
the 1976 "Ugliest Man on Cam pus" co ntest. For 
a lull week last AlovenUttii UlU^lUinad pan¬ 
handlers, throwi ^ ^aedomanners as ^ell as 
good looks tgyne winds, parading iyo class¬ 
rooms and inUuding on meals and ^iterances 
to collect dimes and dollars for Ure American 
Cancer Sodfty. Brian G. Hughe^77, costumed 
as a vanyire, gained publidfy — and votes 
— by gi^rg blood in the annual campus Red 
Cross dr»e (opposite pa&fi, but to no avail; The 
winners were the twoyfan team of Lawrence E. 
DeMar, 179, and Darfra R. Brown, 78, as "The 
Hump.'llt wasjKe most successful U.M.O.C. 
competitB^aaflstory — $7,273.69 to the Ameri¬ 
can Cancer Society, more than double the previ¬ 
ous record of $3,083.83. (Photos: Gordon R. Half, 
79, from The Tech and Cathryn M. Chadwick) 


“At Least 25 Grams of Protein” 

Most fraternities offer 15 meals a week, 
some as many as 21 (Sigma Phi Epsilon). At 
Pi Kappa Alpha, members who apply for the 
job are paid to do the cooking, and seven 
dinners (plus use of the open, stocked 
kitchen for breakfasts and lunches) cost $19 
a week. 

Lambda Chi Alpha hires two cooks who 
serve two meals daily except Sunday; the 
bill is about $70 per month. Kappa Sigma 
serves two meals seven days a week, and 
Steve C. Brigham, 78, House Steward, in¬ 
sists that every dinner has “at least 25 
grams of protein" (Mr. Brigham's major is 
nutrition and food science). 

It may not be Joseph's or the Top of the 
Hub, but Mr. Nathan concludes that stu¬ 
dents do well enough. Dining at McDonald's 

— “a restaurant of dubious quality," he says 

— would cost at least $5 a day. 


Lord 
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and Puerto Rico 

Boston Office: 

4080 Mystic Valley Parkway 
Medford. Mass . 02155 
(617) 396-9110 
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Beesley, Gendron People 
Associates, 

Inc. 


Management Consultants 
and 

Industrial Managers 

George Beesley ‘39 
Richard P. Gendron 

441 Statler Office Building 
Boston. Mass 02116 
Telephone: (617) 423-3632 


Brewer 

Engineering 

Laboratories 

Inc. 

Consulting Engineers 
Experimental Stress Analysis. 
Theoretical Stress Analysis. 
Vibration Testing and Analysis, 
Specialized Electro-Mechanical 
Load Cells and Systems. Structural 
Model Testing and Fabrication. 
Strain Gage Conditioning and 
Monitoring Equipment 
Stanley A. Wulf '65 
G A. Brewer '36. 

Marion. Massachusetts 02736 
1617) 746-0103 

Capitol 

Engineering 

Corporation 


Consulting Civil Engineers 

Robert E. Smith '41, 

Edward W. Boggs '56 

Oillsburg, Pennsylvania 17019 


Charles 
Nelson Debes 
Associates, 
Inc. 


Engineers and Consultants 
Structural. Electrical. Mechanical. 
Acoustical. Induatnal. Commercial 
and Municipal Projects 

C N Debes 35 
915 East State Street 
Rockford. Illinois 


■■■■■■■■■I 


Alumni Director for the Midwest 

Joseph J. Collins, who has been Special 
Assistant in the Office of the Chairman of 
the Corporation since 1969, is now Re¬ 
gional Director for the Midwest of the Alumni 
Association; he'll have responsibility for ac¬ 
tivities in an area including Montreal, To¬ 
ronto, Chicago, Detroit, Cleveland, and 
Minneapolis/St. Paul, where he will provide 
support for Alumni Fund, club, and alumni 
relations activities. 

Mr. Collins studied at the U.S. Naval 
Academy (B.S., 1963) and served in ship- 
and shore-based Navy assignments before 
coming to M.I.T.; he's now Lieutenant 
Commander in the Naval Reserve. His pre¬ 
vious M.l.T. responsibilities have been in 
the field of community relations; he has 
served as Executive Secretary of the M.l.T. 
Community Service Fund, and he is Vice 
President of Cambridge Community Serv¬ 
ices, Inc. 

All-Florida at Orlando 

Alumni from throughout Florida will gather 
at Orlando's Hyatt House on February 19 for 
the second Florida Festival, an all-Florida 
alumni meeting. Among the speakers: 

□ Harold E. Edgerton, Sc.D. '31, Institute 
Professor, Emeritus, on investigations at 
Loch Ness. 

□ Robert W. Mann, '50, Whitaker Pro¬ 
fessor of Biomedical Engineering, on new 
health care developments. 

□ Jerome B. Wiesner, President of M.l.T., 
on Institute developments. 

□ Harvey C. Jones, S.M. '50, Director of 
the Reedy Creek Utilities Co., on "Behind 
the Scenes at Walt Disney World." 


Mr. Jones’ company operates 11 utilities 
serving Walt Disney World, and Mr. Jones is 
himself a member of the Operating Commit¬ 
tee of Walt Disney World Co. He'll conduct a 
"backstage" tour of Disney World opera¬ 
tions for Festival visitors on February 20. 

For further information, write Peter C. 
Hand, '48, 610 Gaines Way, Winter Park, 
Fla., 32789. 


Individuals Noteworthy 

Counselors: Officers, Directors, Advisors 

William R. Prlndle, Sc.D. '55, former Vice 
President in charge of research at American 
Optical Co., to Executive Director of the Na¬ 
tional Materials Advisory Board of the Na¬ 
tional Research Council's Commission on 
Sociotechnical Systems . .. George 
Freedman, '43, Manager of the New Prod¬ 
ucts Center of Raytheon's Microwave and 
Power Tube Division, to Chairman of the 
Board of Governors of the International Mi¬ 
crowave Power Institute ... David R. 
Clare, '45, former Vice Chairman of the 
Executive Committee of Johnson & 
Johnson Co., to President and Chairman of 
the Executive Committee of the Board of Di¬ 
rectors. 

William N. Johnston, '50, Vice President 
of the American Bureau of Shipping, to 
Senior Vice President. . . Burton D. Figler, 
'58, Principal Engineer with Aerodyne Re¬ 
search Inc., to Winthrop Community Chair¬ 
man for the 1976 United Way of Massachu¬ 
setts Bay . . . William J. Wiesz, '48, 
President and Chief Operating Officer of 
Motorola, Inc., to Vice Chairman of the 
Board of Governors of the Electronic Indus¬ 
tries Association ... Samuel Rabinowltz, 
'40, to treasurer of United Community Plan¬ 
ning Co. 

Edwin W. Hlam, 48. investment advisor 
with the Boston firm of Foster Dykema 
Cabot & Co., to Vice President of the Board 
of Trustees of Boston's Museum of Science 
... A. Wentworth Erickson, Jr., '28, 
former President of West India Chemicals, 
Ltd., to Vice Chairman of the Wentworth 
Institute/Wentworth College of Technology 
Board of Trustees . . . Phyllis A. Wallace, 
Professor of Management at the Sloan 
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School of M.l.T., to Trustee of the Museum 
of Fine Arts of Boston. 


Kudos: Honors, Awards, Citations 

To George P. Shultz, Ph.D. '49, former 
Secretary of the Treasury, the Legion of 
Honor decoration from the French Govern¬ 
ment ... to Robert C. Seamans, Jr., S.M. 
’42, Administrator of the U.S. Energy Re¬ 
search and Development Administration, an 
honorary doctor of laws from Lehigh Uni¬ 
versity ... to Nathan Cohn, ’27, former Di¬ 
rector of Leeds & Northrop Co., North 
Wales, Penn., the distinction of Honorary 
Member of the Instrument Society of 
America ... to B. J. Steigerwald, S.M. '56, 
Deputy Assistant Administrator for Air Qual¬ 
ity and Standards of the U.S. Environmental 
Protection Agency, the award of Federal 
Environmental Engineer of the Year by the 
Conference of Federal Environmental En¬ 
gineers. 

To Marc D. Levenson, '67. Assistant Pro¬ 
fessor of Physics and Electrical Engineering 
at the University of Southern California, the 
Adolph Lomb Medal by the Optical Society 
of America ... to Shri N. Singh, S.M. '66, 
Senior Research Metallurgist at U.S. Steel 
Research Laboratory in Monroeville, Penn., 
the Alfred Noble Prize from the American 
Society of Civil Engineers ... to Jack H. 
Westbrook, Sc.D. '49, Manager of Mate¬ 
rials Information Services at the General 
Electric Research and Development Cen¬ 
ter, the honor of 1976 Campbell Memorial 
Lecturer by the American Society of Metals. 

Edward A. Boyle, Ph.D. '76, and Joan V. 
Ruderman, Ph.D. '74, have been selected 
as 1975-76 N.A.T.O. Postdoctoral Fellows 
for study abroad. 

Administration: 

Anne E. Thompson, former Assistant Dean 
for Student Affairs, is now in a graduate 
program in clinical psychology at the Uni¬ 
versity of Michigan. 

Obituaries 

William H. Brown, 1910-1976 

William Hoskins Brown, '33, Associate Pro¬ 
fessor of Architecture, Emeritus, who was 
affiliated with the Department of Architec¬ 
ture for 40 years — 36 of them as a member 
of the faculty — died on November 5 in 
Phoenixville, Penn. He was 67. 

Professor Brown came to M.l.T. to study 
architecture after completing undergradu¬ 
ate work at Oberlin College; he returned to 
the classroom in the 1930s to start work on 
his M.Arch. degree, awarded in 1942. 
Meanwhile, he had joined the teaching staff 
and, shortly after World War II, founded his 
firm of William Hoskins Brown Associates, 
Inc. 

For M.I.T., Professor Brown designed the 
refurbishing of the former Lever House at 50 
Memorial Drive for the Sloan School of 
Management and Faculty Club. As leader of 


his firm Professor Brown was responsible 
for designing schools and housing for the 
elderly in Massachusetts and New Hamp¬ 
shire. But his greatest distinction came 
through his coordination of an architectural 
team from the M.l.T. Department of Ar¬ 
chitecture in the design of 100 Memorial 
Drive, an innovative, widely honored apart¬ 
ment house adjacent to the campus. 


Deceased 

Carroll W. Brown, '99; October 5,1976; 531 
Central Rd., Rye, N.H. 

Lester F. Miller, '01; May 21, 1976; 844 
Stevely Ave., Long Beach, Calif. 

John W. Ager, 04; October 1, 1976; 145 
Camellia Cir., Birmingham, Ala. 

C. Dean Kiahr, 05; September 26, 1976; 
1608 South Shore Dr., Erie, Penn. 

Jafnes H. Fenner, '07; February 10, 1965 
Ruth M. Denny, '08; June 5, 1972 
Charles A. Edmonds, 08; December, 1965 
Harold H. Howland, 08; July 16, 1976; 
5415 Connecticut Ave. N.W., Washington, 

D. C. 

Thomas H. White, 08; July 11, 1975; R.D. 
#1, Colchester, Vt. 

William J. Pead, ’ll; July 16,1976; 15 Bev¬ 
erley Ave., Mount Royal, Quebec, Canada. 
Seymour J. Spitz, '14; July 7, 1976; 511 
West Blount St., Pensacola, Fla. 

Edward E. Alt, '15; April 2, 1976; 505 Lake 
Shore Dr., Chicago, III. 

Orton P. Camp, '15; August 12, 1976; 129 
Wheeler Rd., Middlebury, Conn. 

Edward R. Hall, '16; July 17, 1976; 2 Over 
Ridge Ct. #3721, Baltimore, Md. 

Theodore W. Burkhart, '17; April 16, 1975; 
4708 Fieldcrest Avu., Portland, Ore. 
Charles W. Dow, '18; July 3,1976; 12 Phil¬ 
lips Ave., Rockport, Mass. 

Saxton W. Fletcher, '18; August 13, 1976; 
Fletcher Hill, Greenfield, N.H. 

Joseph A. Kelley, '18; February, 1976; 
Meadowlark Dr., Box 27, Tryon, N.C. 
Frederick C. Fischer, '20; September 16, 
1976; 1400 Low Rd., Kalamazoo, Mich. 
Henri S. Lench, '20; August 23, 1976; 442 
James #7, Dunedin, Fla. 

Walter E. Church, '21; July 15, 1976; Box 
52, Arch Cape, Ore. 

John R. Gallimore, '21; September 17, 
1976; 3618 Rolliston Rd., Cleveland, Ohio. 
Albert J. Hanley, '21; September 19, 1976; 
20 Steere St., Harrisville, R.l. 

Percival C. Keith, Jr., '22; July 9, 1976; Box 
311, Peapack, N.J. 

Wilhelm D. Styer, '22; February 26, 1975; 
900 Glorietta Blvd., Coronado, Calif. 

F. Willett Walton, Jr., 22; September 20, 
1976; Dodge Rd., North Edgecomb, Maine. 
William J. Lutz, 23; December 27,1974; do 
Short Hills Village, Forest Dr., Apt. 73A, 
Springfield, N.J. 

Edmund H. Miller, '23; September 9, 1976; 
27 Buffard Dr., Rochester, N.Y. 

Eugene V. Ward, 23; February 2,1976; 627 
Salvatierra St., Stanford University, Stan¬ 
ford, Calif. 

J. Harvey Westren, '23; February 1, 1976; 
33 Glenrose Ave., Toronto, Ontario, 


J-H. 

Clausen, Ph.D. 

CONSULTING IN CHEMICAL TECHNOLOGY 


Environmental Analysis and Monitoring. 
Feasibility and Impact Studies. 

Process and Product Evaluation. 
Product Safety, Occupational Health. 
Industrial Hygiene, O.S.H.A., 

Legal Technical Assistance, 

Complete Laboratory Services. 


P.O. BOX 203, LEXINGTON, MASS., 02173 
(617) 646-0220 


Fay, 

Spofford & 
Thorndike, 

Inc. 

Engineering for Government and Industry 

Ralph W Horne 10, William L. Hyland '22. Edward 
C. Keane '22. Charles V. Dolan '31. William J 
Hallahan '32, Fozi M Cahaly '33, George M Reece 
35. Charles R Kurz '48. Bruce Campbell '49, Paul 
J Berger '50. Max D. Sorota '50, Rodney P 
Plourde '68. John C. Yaney '72 

One Beacon Street. Boston. Mass 02108 


Haley & Aldrich, 
Inc. 

Consulting Geotechnical Engineers 
and Geologists 

Soil and Rock Mechanics 
Engineering Geology 
Engineering Geophysics 
Foundation Engineering 
Terrain Evaluation 

Harl P. Aldrich. Jr 47 
Martin C Murphy '51 
Edward B Kmner 67 
John P Dugan 68 
Douglas G Gilford 71 
Joseph J Rixner 68 

238 Mam Street Cambridge. 

Mass 02142 617-492-6460 

H. H. Hawkins & 
Sons Co. 


building contractors 

Steven H Hawkins 57 

188 Whiting Street 
Hmgham Mass 02043 
(617) 244-8111 
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Alexander 
Kusko, Inc. 

Research. Development and Engineering 
Services in the Electrical Engineering 
Field 

Specialties 

Electric power systems. 

Electric transportation equipment. 

Electric machinery and magnetics. 
Solid-state motor drives, rectifiers, inverters. 
Feedback control systems. 

Computer applications and modeling. 
Evaluation, investigation, patents 

Alexander Kusko 44 
Thorleif Knutrud. Jr. '54 
Wendell E. Phillips. Jr. 42 

161 Highland Avenue 
Needham Heights. Mass 02194 
(617) 144-1381 

Maurice A. 

Reidy 

Engineers 


Foundations and Soil Mechanics 

Structural Designs. Buildings. 
Bridges 

101 Tremont Street 
Boston. Massachusetts 02108 



METALLURGY 

Tungsten, molybdenum, co¬ 
balt, special alloys — fabrica¬ 
tions. “HI-DENS" tungsten 
alloys — for counterweights 
and shielding. 


SOLID STATE SENSORS 

Semiconductor strain gages, 
integral silicon force sensors 
and temperature sensors for 
measurement and control 
applications. 


Anthony D. Kurtz, 1951 

Ronald A. Kurtz, 1954 



(Kulite Semiconductor Products, Inc., 
Kulite Tungsten Corporation) 

1030 Hoyt Avenue, Ridgefield, N. J. 


Canada. 

Albert C. Shue, '24; January 7, 1976; 215 
Park Row, New York, N.Y. 

Hyman H. Stutman, '24; October 8, 1976; 
41 Park St., Brookline, Mass. 

Edward E. Dirks, '25; September 17, 1976; 
236 Memorial Ave., Haddonfield, N.J. 

Ralph llsley, '25; June 8, 1976; 4400 
Davenport St., N.W., Washington, D.C. 
John R. Kelley, '27; September 19, 1976; 
1215 Cima Linda Ln., Santa Barbara, Calif. 
Robert A. Lavers, 27; April 5, 1975. 
Kenneth M. Barney, '28; September 27, 
1976; 901 Shore Rd., Linwood, N.J. 
Archibald W. Adkins, '29; August 28,1976; 
37 Clarissa Rd., Chelmsford, Mass. 

Jacob G. Mak, '29; April 15, 1976; 111 
Walnut Hill Rd„ Chestnut Hill, Mass. 
Edward J. Partington, '29; September 29, 
1976; Palm Beach Park, 111 Ocean Dr., 
San Clemente, Calif. 

Edward Depoyan, '30; July 21, 1976; 410 
39th Ave. N.E., St. Petersburg, Fla. 
Webster E. Fisher, '30; September 15, 
1976; 691 Oakridge Dr., Rochester, N.Y. 
Tashizo Komamura, '30; January, 1976; 
4621 Ohitakioji Cho, Shinagawa Ku, Tokyo, 
Japan. 

Lawrence L. Lovett, '31; October 7, 1976; 
35 Leicester Rd., Belmont, Mass. 

A. Morton Plant, '31; October 12, 1976; 
1020 Grove St., Evanston, III. 

Joseph A. Kane, '32; October 5, 1976; 31 
Farragut Rd., Swampscott, Mass. 

Thomas E. Sears, '32; August 7, 1976; 770 
First Parish Rd., Scituate, Mass. 


J. D. Billingsley, '33; May 23,1976; 701 Hill¬ 
top Ln., Westmont, Fredericksburg, Va. 
Samuel C. Prescott, '33; September 10, 
1976; Box 35, Rt. #1, Auburn, N.H. 

George F. Gales, '35; July 26, 1976 ; 46 
Stoney Brae Rd., Wollaston, Mass. 

Roger S. Warner, Jr., '35; August 3, 1976; 
1435 4th St. S.W., Washington, D.C. 

Henry Knippenberg III, '39; July 11, 1976; 
3336 Westbury Dr., Columbus, Ohio 
Robert L. Millar, '40; November 6, 1975; 29 
Colonial Dr., Montpelier, Vt. 

Franklin W. Kolk, '41, August 3, 1976; 164 
Du Bois Ave., Sea Cliff, N.Y. 

Arnold F. Kluever, '42; October, 1973; 921 
Ravlin Rd. S.E., Huntsville, Ala. 

Alice E. Butler, '43; January 21, 1975; 1104 
Main St., Norwell, Mass. 

Harry M. Simpson, '48; September 16, 
1975; Box 25, Valley Center, Calif. 

John E. Bent, '50; September 30, 1976; 39 
Hastings Rd., Ashburnham, Mass. 

Werner I. Frank, '53; July 22, 1976; 114 
Waban Hill Rd. N., Chestnut Hill, Mass. 
Gustaf E. Lofgren, '56; May 7, 1973; Bridle 
Path Ln., Riverside, Conn. 

Norman W. Schaefler, '59; February, 1974; 
1411 N. Fuller Ave., Los Angeles, Calif. 
Max J. Reinhart, '66; January 28, 1975; 
3305 Woodland Pkwy., Columbus, Ind. 
Barry Laks, '70; July 27,1976; 200 Swanton 
St. #729, Winchester, Mass. 

Stewart Frost, '71; July 27,1976; 955 Quinn 
St., Boulder, Colo. 

Alan L Precup, '73; September 18, 1976; 
430 Heywood Ave., Aurora, III. 



SUPPLIERS TO CONTRACTORS 
GENERAL/MECHANICAL/ELECTRICAL/ 
PILING/MARINE 


SUPPLIERS TO INDUSTRY 
MINING/PETROLEUM/CHEMICAL/ 
UTILITIES/NUCLEAR POWER/ECOLOGY 


MANUFACTURERS • FABRICATORS • DISTRIBUTORS 


• PIPE - VALVES - FITTINGS IN STEEL 

• STAINLESS - ALLOY - ALUMINUM 

• YOLOY - PLASTIC - FIBERGLASS 

• ASBESTOS CEMENT - BRASS - COPPER • "SPEED LAY"' PIPE SYSTEMS 

ALUMINUM 


• PRESSURE VESSELS & LARGE DIA PIPE 

• PRESSURE TIGHT CASING & FORMS 

• PIPE BENDINGS & WELDING 

STEEL/ 


WITH TRACEABILITY DOCUMENTATION, INSTITUTED 
THROUGH A RIGID QUALITY ASSURANCE PROGRAM 

AND NOW 

ONE OF THE MOST COMPLETE STAINLESS 
STEEL INVENTORIES IN THE UNITED STATES 
INCLUDING ALL ALLOYS! 


FOR WORLD WIDE EXPORT: 

ALBERT INTERNATIONAL CORPORATION 
Cable: "albertinco newyork" Telex: rca 233573 - "alb ur" 

Telex: WUI 621 40 - ”ALBINT""^^^^^^^WUD^-634 8 - "ALBERTCO NYK" 
WRITE FOR FREE BROCHURE 



101 VARICK AVE., 
Telephone: 


S.G. ALBERT "31 • A.E. ALBERT 56 



■ PIPE SUPPLY CO., INC. 
BROOKLYN. N.Y. 11237 
1212] 497 4900 
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Courses 


I 

Civil Engineering 

With the Alumni 

Roger E. A. Arndt, Ph. D. '62, was appointed 
Director of the St. Anthony Falls Hydraulic Labor¬ 
atory of the University of Minnesota. He is also a 
professor in the Department of Civil and Mineral 
Engineering. . . . Tom Parody, S.M. 72, received 
his doctorate in civil engineering from the Univer¬ 
sity of Massachusetts last year and is now work¬ 
ing as a senior research assistant at Charles 
River Associates in Cambridge .. . Thomas F. 
Gilbane, Jr., M S. 75, has been appointed Vice 
President-Manager of Gilbane Building Com¬ 
pany's newly-opened Cleveland, Ohio, office. He 
and his wife, Mary, will live at 2205 Demington Dr. 
in Cleveland Heights. . .. Roger Foott, Sc. 0.73, is 
preparing a book on soil behavior and its applica¬ 
tions in engineering practice in collaboration with 
Professor Charles C. Ladd and Professor T. W. 
Lambe of the Department of Civil Engineering at 
M.l.T. 

Charles C. Noble, S.M. '48. Vice, President of 
Domestic and International Special Projects for 
the Boston-based engineering firm of Chas. T. 
Main International, Inc., has been elected to their 
board of directors . .. Thomas Regan, Jr., S.M. 
'68, has been appointed Director of Public Works, 
Howard County, Md. . . . Francis H. Sayles, '49, 
Research Civil Engineer in the U.S. Army Cold 
Regions Research and Engineering Laboratory, 
will participate in a two-month exchange pro¬ 
gram established by the U.S. National Academy 
of Sciences and the Academy of Sciences of the 
U.S.S.R. He will work with the U S S R. Perma¬ 
frost Institute in Siberia . .. Robert F. Seedlock, 
S.M. '40, Major General of the U.S. Army, retired, 
has been awarded the Engineer of the Year 
Award of the Metro-Atlanta Engineers. He is 
presently Southeastern Regional Manager for 
the new engineering firm of Parsons, Brincker- 
hoff, Quade and Douglass. 



Mechanical Engineering 

James E. Hubbard, 77, has been chosen for the 
1976 Scott Paper Company Foundation Award for 
Leadership. He'll receive $2,000 stipends for his 
senior year and his first year of graduate work, 
and the Department receives a $2,000 unre¬ 
stricted grant. 

The Scott award recognizes a "high level of 
scholarship and noteworthy success in extracur¬ 
ricular activities'; Mr. Hubbard is Chairman of the 
Northeast Section of the National Society of Black 
Engineers, and he's been a major factor in re¬ 
vitalizing BlackME, an M.l.T. organization 
founded in the early 1970s to benefit minority stu¬ 
dents in the Department. 



Thomas A. Keim A. H. Rasegan 


With the Alumni 

Thomas Zebehazy, S.M. 72, is now Senior Ex¬ 
perimental Engineer in the Engineering Analysis 
Department of Chevrolet in Warren, Mich. ... 
Thomas A. Keim, S. D. 73, has joined the Gen¬ 
eral Electric Research and Development Center 
as a mechanical engineer . . . Alexander H. 
Rasegan, S.M. '67, is chief engineer for engines 
at the Chevrolet Motor Division in Detroit, Mich. 

. Vikram N. Mehta, 44, is a senior executive in 
the industrial house of Mahindra and Mahindra 
Ltd., located in Bombay. India. They are engaged 
in the manufacture, sale and distribution of a wide 
variety of items, some of which include: au¬ 
tomobiles, alloy steels, textile machinery, 
elevators, fiberglass products and industrial elec¬ 
tric equipment. 

George Becher, 54, is returning to the Ameri¬ 
can Pad & Paper Co. in Holyoke, Mass., after 
eight years as their Utah plant manager: he will 
be Director of Corporate Engineering . . John 
H. Midney, '47, has the new position of Assistant 
Secretary of Emhart Corporation and General 
Attorney of Emhart Industries, Inc. 



Materials Science 

With the Alumni 

Shri N. Singh, S.M. '66, was awarded the Alfred 
Noble Prize of the American Society of Civil En¬ 
gineers for his paper, "Mechanism of Alumina 
Building in Tundish Nozzles During Continuous 
Casting of Aluminum-Killed Steels.'' He is 
presently a senior research metallurgist at the 
U.S. Steel Research Laboratory in Monroeville. 
Penn. ... William R. Prindle, Sc.D. '55, has 
been named Executive Director of the National 
Materials Advisory Board of the National Re¬ 
search Council's Commission on Sociotechnical 
Systems . William G. Morris, S.M. '63. has 
joined the General Electric Research and Devel¬ 
opment Center as a metallurgist. He lives in Rex- 
ford, N.Y., a suburb of Schenectady. 


Paul E. 
Dutelle & 
Company, 
Inc. 


Roofers and 
Metal Craftsmen 

153 Pearl Street 
Newton, Mass. 

Syska & 

Hennessy, 

Inc. 

Engineers 

Mechanical-Electrical-Sanitary 
Elevator & Materials Handling 
Specialty Divisions: 

SAH Information Systems. Inc 
Engineering Management Division 
Lighting Design Workshop 
Site Planning-Automation 
John F, Hennessy. Jr. '51 
110 West 50th Street 
New York, N Y. 10020 
1720 Eye Street. N W 
Washington. D C. 20005 
1900 Avenue of the Stars 
Century City 

Los Angeles. California 90067 
4. Rue de Penthievre 
75008 Paris 

Jordan Road, Boulevard Saba No. 40 
Tehran, Iran 

Tad 

Technical 

Services 

Corp. 

Contract Engineering 
Sen/ices 

Offices in: 

California New York 

Illinois Pennsylvania 

Maryland Texas 

Massachusetts Virginia 


Home Office: 

639 Massachusetts Avenue 
Cambridge. Massachusetts 02139 
Telephone: (617) 868-1650 
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An Act of Faith Spawns a Profession 

There were only four M.l.T. alumni — all 
from the Physics Department — working as 
electrical engineers when the first cur¬ 
riculum in electrical engineering in the U.S. 
was established at the Institute in 1881. The 
new program, championed by Professor 
Charles R. Cross, 70, Head of the Physics 
Department, was an act of faith — "created 
more in anticipation of what was expected 
to develop than to meet an already existing 
need," writes Dr. Frederick E. Terman, 
Sc.D. '24. 

The sponsors' confidence was justified: 
by 1892 27 per cent of M.I.T.'s graduates 
earned degrees in electrical engineering, 
and ever since then the Department has 
been the largest — in terms of enrollment — 
of any at the Institute. 

Graduate study in electrical engineering 
remained a rarity until after World War I and 
doctorate work until after World War II. 
When Dr. Terman was a graduate student at 
M.I.T., only one member of the Depart¬ 
ment’s faculty had an earned doctorate and 
only a few had Master’s degrees. 

Dr. Terman records a substantial discon¬ 
tinuity in M.I.T.'s production of Master's de¬ 
grees in 1922, when the annual average 
moved from five (prior to 1922) to 40 (bal¬ 
ance of the 1920s). The difference was 
M.I.T.’s pioneering cooperative program 
with the Lynn works of General Electric Co., 
where Elihu Thomson, President of the in¬ 
stitute, was in charge. It was "extremely 
successful" from the very start, says Dr. 
Terman — yet never copied in detail by 
other institutions-. 

During the 1920s a college professor was 
considered "productive" if he and his stu¬ 
dents turned out one technical paper of pro¬ 
fessional quality every two years. By this 
definition, writes Dr. Terman, there were 
eight "productive" electrical engineering 
teachers on U.S. faculties during the six- 
year period starting in 1920, and three of 
these were at M.l.T. 

These are among the highlights of Dr. 
Terman's history of electrical engineering 
education in a special bicentennial issue of 
I.E.E.E.’s Proceedings (September, 1976). 
He's fully qualified to write it, having taught 
electrical engineering at Stanford since 
1925; Dr. Terman was Stanford's Dean of 
Engineering for ten years beginning in 1945 
and Vice President of the University from 
1958 until retirement in 1965. 


IV 

Architecture 

With the Alumni 

Michael P. Buckley, M.A.R^ 72, is President of 
Halcyon Ltd. He was one of the principal ar¬ 
chitects in Halcyon's development of the mall in 
the Hartford Civic Center and is currently devel¬ 
opment director for a commercial development in 
Citicorp's office tower under development in New 
York . . . Francis Bulbulian, M A R. 68. is design 
coordinator at Ellerbe Architects — masterplan¬ 
ning two self-sufficient medical communities for 
the Ministry of Defense and Aviation of Saudi 
Arabia . . . Burton Goldberg, M.C.P. '60, has 
been working as an associate director of Public 
Affairs Counseling, a division of Real Estate Re¬ 
search Corporation located in San Francisco, 
Calif. 

Benjamin Franklin Smith III, M.Arch. '68, is 
beginning his second year as Assistant Dean of 
the School of Architecture at Tulane University. 

V 

Chemistry 

With the Alumni 

Barry M. Trost, Ph.D. '65, Professor of Chemistry 
at the University of Wisconsin, Madison, is the 
1977 winner of the American Chemical Society's 
$2,000 Award in Pure Chemistry — recognition 
for his research and synthesis of complex organic 
molecules, particularly hormones that control the 
development and behavior of insects . . . John T. 
Viola, Ph.D. '67, earned the U.S. Air Force Out¬ 
standing Unit Award. Major Viola is a research 
and development management officer with the Air 
Force Systems Command's Office of Scientific 
Research, Bolling A.F.B., Washington, D.C. . . . 
Forrest A. Richey, Ph D. ‘68, has been promoted 
to Project Scientist in the Research and Devel¬ 
opment Department at the Union Carbide 
Technical Center, South Charleston, W. Va. . . . 
Thomas M. Bare, Ph.D. '69, has joined the 
biomedical research department of ICI United 
States Inc. as a research chemist in the medicinal 
chemistry section . . . Michael C. Chen, Ph.D. 
73, now works in the Plastics Technology Divi¬ 
sion at Baytown Research and Development Cen¬ 
ter of Exxon Chemical Co., Baytown, Tex. 

VI 


Electrical Engineering 



Mark A. Orenstein Robert Spinrad 


With the Alumni 

Robert Spinrad, Ph.D. '63, has been appointed 
Vice President of the Systems Development Divi¬ 
sion in the Information Technology Group of 
Xerox Corp., El Segundo, Calif. . . David E. 
Acker, S.M. 65, has been elected Vice President 
of Andersen Laboratories of Hartford, Conn.; he is 
also Vice President of Television Microtime, a 
subsidiary of Anderson Laboratories ... Mark A. 
Orenateln, S.M. 68. has been appointed Assist¬ 


ant Director in the Data Processing Department at 
The Travelers Insurance Co., Hartford, Conn. ... 
Robert N. Smith, S.M. ’45, was nominated by 
President Ford for the position of Assistant Secre¬ 
tary of Defense for Health and Environment; he 
will oversee and coordinate medical and dental 
programs in the army, navy and air force depart¬ 
ments . . . Richard N. Spann, '61, has joined AD¬ 
AGE, INC., of Boston, specialists in computer 
graphics products, as Vice President of Develop¬ 
ment. 

Garry Meyar, S.M. '72, is studying for his doc¬ 
torate in sociology at the State University-of New 
York at Stony Brook; he is also Assistant Manager 
of the computing center at S.U.N.Y. .. . Peter 
Jessel, Ph.D. '72, is on leave from the University 
of Pennsylvania and has returned to work at the 
Laboratory for Computer Science at M.l.T. ... 
Robert Plankian, S.M. '72, is a lecturer in electri¬ 
cal engineering at M.l.T., a senior engineer at 
Massachusetts General Hospital, and runs a con¬ 
sulting firm — Piankian Engineering. 

Jack Capon, S.M. '55, Staff Member at M.I.T.'s 
Lincoln Laboratory, spoke at a fall meeting of the 
Boston section of the I.E.E.E. about his current 
research on computer programs simulating a Mic¬ 
rowave Landing System (MLS) — to determine 
obstacles to the use of MLS in typical airport envi¬ 
ronments ... "Progress in Controlled Fusion" 
was the subject of Ronald R. Parker, Sc.D. '63, 
Director of the Alcator project at the M.l.T. Francis 
Bitter National Magnet Laboratory, at a fall meet¬ 
ing of the Magnetics, Power Engineering and Nu¬ 
clear and Plasma Sciences Chapters . .. Daniel 
U. Wilde, Ph.D. '66, professor of business at the 
University of Connecticut, is Director of the New 
England Research Application Center, the largest 
university-operated data bank in the world. 

Narendra P. Loomba, S.M. '54, who teaches in 
the Department of Management at Baruch Col¬ 
lege of C.U.N.Y., is the author of two books pub¬ 
lished in 1976: Linear Programming — Manager¬ 
ial Perspective, and (with E. Turban) Readings in 
Management Science. 

VII 

Life Sciences 

With the Alumni 

Barry J. Fry, Ph.D. 70, has been named Senior 
Vice President of KPR Infor/Media Corp., of New 
York City, and a member of the company's Board 
of Directors .. . Joel L. Suaaman, Ph.D. 72, will 
spend the year at the Weizman Institute in Re- 
hovot, Israel... . Joan V. Ruderman, Ph.D. 74, a 
postdoctoral fellow in the Department of Biology 
at M.l.T., has been selected a 1975-1976 NATO 
Postdoctoral Fellow for study abroad. She plans 
research in molecular biology at the University of 
Zurich in Switzerland. 

VIII 

Physics 

Professor All Javan delivered the 1975 Frederic 
Ives Medal address at the 1976 meeting of the 
Optical Society of America in October. His sub¬ 
ject: "Precise Interferometric Laser-Wavelength 
Measurements: A Progress Report.” 

With the Alumni 

Thomas B. Lewis, Ph.D. '65, is New Product De¬ 
velopment Manager at Monsanto's Rubber Chem¬ 
icals marketing and research facility in Akron, 
Ohio. He and his wife, Mary, and their three chil¬ 
dren live in Shaker Heights .. . La Ru Barker 
Lynch, '41, was a Democratic candidate for rep¬ 
resentative to the state legislature from Exeter, 
N.H. ... David W. Berger, S.M. '56, is Manager 
of Intemation Program Management at The Bab¬ 
cock & Wilson Co., Lynchburg, Va. ... T. Mar¬ 
shall Hahn, Jr., Ph.D. '50. Executive Vice 
President for Pulp, Paper, and Chemicals of 
Georgia-Pacific Corp., is now also President of 
Georgia-Pacific .. . Albert H. Telch, '64, As- 
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sociate Professor of Public Affairs at George 
Washington University, has been studying the 
politics and administration of large research and 
development laboratories in the government sector. 

Robert C. Schaller, S.M. '70, now has his 
Ph.D. in physics from the University of Denver. 

. .. Carl S. Schneider, Ph.D. '67, has been pro¬ 
moted to Associate Professor of Physics at the 
U.S. Naval Academy. 

IX 

Psychology 

Ann M. Graybiel, Ph.D. '71, Assistant Professor 
of Psychology and Brain Science since 1973 has 
been promoted to Associate Professor. 

With the Alumni 

After doing postdoctoral work at the National 
Zoological Park, Michael Murphy, Ph.D. '72, is 
now at the National Institutes of Mental Health 
where he does research in neuroethology. 

X 

Chemical Engineering 

With the Alumni 

Robert E. Fisher, Sc.D. '66, has been appointed 
director of the specialty chemicals process design 
and economics division at Amoco Research Cen¬ 
ter in Naperville. III. . . . William A. Reed, S.M. 
'43, is director of technical development for Re¬ 
public Steel Corp. . .. Arthur B. Metzner, Sc. D. 
'51, H. Fletcher Brown Professor and Chairperson 
of the Department of Chemical Engineering at the 
University of Delaware, has been appointed a 
member of the Corporation visiting committee of 
the Department of Chemical Engineering at M.l.T. 

. .. William Eykamp, Ph.D. '65, has been elected 
a corporate member of Morgan Memorial Good¬ 
will Industries of Boston. Mr. Eykamp is vice 
president and general manager of the Operations 
Division of Abcor, Inc., a chemical equipment 
company located in Cambridge, Mass. 

Anthony C. Yeung, S.M. '73, is special proj¬ 
ects manager for corporate engineering for 
Travenol Laboratories . . William C. Behrmann, 
Jr., Sc.D. '60, has been promoted to Senior En¬ 
gineering Associate at the Exxon Research and 
Development Laboratories at Baton Rouge. La. 

. .. Richard D. Hoyt, S.M. '57, is Director of Capi¬ 
tal Budgets of ACF Industries. Inc. ... David T. 
Hay hurst, S.M. '73, received his doctorate from 
Worcester Polytechnic Institute last May and is an 
assistant professor in the Department of Chemi¬ 
cal Engineering at Cleveland State University. 


XI 

Urban Studies 

Michael H. O’Hare, Gary A. Hack, and Joseph 
Ferreira, Jr., '67, have been promoted from As¬ 
sistant to Associate Professor. Professor O'Hare 
has been working on research programs involving 
government policy toward the arts and environ¬ 
ment, including solar energy and urban design; 
Professor Hack joined the faculty in 1971 and 
headed the Environmental Design Program from 
1972-1975; and Professor Ferreira is involved in 
research related to risk management through 
government programs and regulations — espe¬ 
cially in regard to casualty and liability insurance, 
auto accidents and emergency services — and 
evaluating federal subsidy programs. 

With the Alumni 

Devere Wellington Ryckman, Sc.D. '56, has 
been included in the Marquis 39th Edition of 
Who's Who in America. He is founder and 
president of D.W. Ryckman & Associates, Inc., 
and recognized as an international authority on 
environmental science and engineering . . B. J. 
Steigerwald, S.M. '56, Environmental Protection 
Agency Deputy Assistant Administrator, was cho¬ 
sen Federal Environmental Engineer of the Year 
by the Conference of Federal Environmental En¬ 
gineers. .. . Alonzo Wm. Lawrence, S.M. '60, 
has been appointed Vice President for Koppers 
Co., Inc., of Pittsburgh ... Richard S. Howe, 
S.M. '61, is Director of the Division of Environ¬ 
mental Studies at The University of Texas at San 
Antonio. 

Barbara B. Katz, M.C.P. '75, has been ap¬ 
pointed Community Relations Associate of the 
Jewish Community Council of Metropolitan Bos¬ 
ton .. . Joan Moskowltz, M.C.P. ’73, was ap¬ 
pointed by Gov. Michael Dukakis to the Massa¬ 
chusetts Board of Approval and Certification of 
Physician Assistant Programs. 

XII 

Earth and Planetary Science 

With the Alumni 

Edward A. Boyle, Ph.D. '76, was selected as a 
1975-1976 NATO Post-doctoral Fellow for study 
abroad; he will work in marine geo-chemistry at 
the University of Edinburgh .. . Susan Nygard, 
S.M. '75, studied at Michigan State University 
concentrating in geobgy and is now working for 
Seismograph Services Corp. in Alma, Mich. In 
August, 1975, she married Ed Kronenberger who 
graduated from M.l.T. in 1974 in chemical en¬ 
gineering. 


After 45 years at Geophysical Services, Inc., and 
Texas Instruments, Inc., Cecil E. Green, '23, has 
moved from "active" retirement to "semi-active'' 
retirement — a way of saying that he is now Hon¬ 
orary Director instead of Director of Texas Instru¬ 
ments. Inc. To mark the change, old friends 
gathered at the Dallas Petroleum Club to give 
Cecil some mementos — a book on seismic 
reflection techniques, a log of the M/V Cecil H. 
Green's ten years at sea for G.S.I., a wood- 
mounted mosaic of the G.S.I. logo, and a collage 
(at left) tracing Cecil's role in G.S.I. Erik Jonsson, 
a co-founder of G.S.I. and T.l. (left in the photo), 
said Cecil once accused him of hiring "some out¬ 
rageous people” and thereupon took over (tem¬ 
porarily) the personnel job himself. Others called 
Cecil "an old smoothie," "a real operator," “an 
idea man with vision and determination," “a 
doodlebugger' most of us will never forget.'' 
Frank Lord, Editor of T.I.'s Grapevine, wrote, 
"One couldn't help but feel the distinctive atmo¬ 
sphere . . . genuine love and deep respect. .. that 
surround this man . . 


Genetics and Cell Biology 

A $12,000 grant from the Greater Boston 
Chapter of the National Genetics Founda¬ 
tion will be used for new equipment for 
separating proteins and mutant cells and for 
studying the process of oxygen utilization 
by cells, according to Dr. Salvador E. Luria, 
Director of the Center for Cancer Research. 

The equipment will make possible re¬ 
search on the genetic implications of two 
physiological processes: 

— How oxygen derived from respiration in 
cells is converted into usable chemical 
energy. 

— How a certain single genetic mutation 
halts protein synthesis and renders cellular 
proteins unstable at high temperatures. 
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XIII 

Ocean Engineering 

With the Alumni 

Henry J. Nardone, N.E. '52, is Acting Manager of 
the Quonset Point facility of General Dynamics' 
Electric Boat Division in Westerly. R.l. .. . John F. 
Wing, '55, a vice president ot Booz, Allen & 
Hamilton, Inc., has been appointed Director of 
their new Transportation Consulting Division's 
federal transportation consulting work and will di¬ 
rect the expansion of the division's rail consulting 
practice. He will also continue consulting on major 
transportation technology and maritime projects. 
... Lieutenant Robert A. Baeder, S.M. 71. has 
completed the Basic Officer Course at the Naval 
Submarine School in Groton, Conn. 

An advocate of the use of wind power as a vi¬ 
able source of energy is William Edward 
Heronemus, S.M. 48, in his article, "Wind 
Power: A Significant Solar Energy Source," pub¬ 
lished in the August issue ot Chemtech. Now Pro¬ 
fessor and Associate Head of Civil Engineering at 
the University of Massachusetts, William 
Heronemus. a retired Captain from the U.S. Navy, 
has also written on the subjects of sea-going en¬ 
gineering and solar power. 

Commander William A. Kerr, Jr., N.E. '67, re¬ 
cently completed a tour of duty as Chief Engineer 
for the aircraft carrier U.S.S. Midway. In addition 
to the professional stimulation of operating and 
maintaining an aircraft carrier homeported over¬ 
seas, there was the opportunity for Bill and his 
family to live in Japan for two years. He is now as¬ 
signed to the Commander. Naval Air Force, U.S. 
Pacific Fleet, as the Chief Engineer. 

XIV 

Economics 

With the Alumni 

Charles Levenstein, Ph.D. 66. has left a teach¬ 
ing position at Lehman College of the City Univer¬ 
sity of New York to be assistant professor of eco¬ 
nomics at the University of Connecticut; he 
specializes in the subject of urban migration . .. 
Norman Gibson, Ph.D. 74, was appointed As¬ 
sistant General Manager for Dominion Bank and 
will be living in Singapore from three to five years 
. . Glenn T. Hammons, S.M. 71, graduated 
trom medical school at Washington University in 
St. Louis last spring and then began a laboratory 
medicine residency in clinical pathology at Barnes 
Hospital . . . David B. Llpsky, Ph.D. '65, is Visit¬ 
ing Associate Professor ot Industrial Relations at 
the Sloan School, on leave trom Cornell Univer¬ 
sity. 

William H. Gruber, Ph.D. '65. a lecturer at the 
Sloan School and President of the Research and 
Planning Institute. Inc., a management consulting 
firm in West Newton, Mass., is the co-author ot 
the book The New Management: Line Executive 
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and Staff Professional in the Future Firm, recently 
published by McGraw-Hill. .. John M. Marshall, 
Ph.D. '69, has been promoted to Associate Pro¬ 
fessor of Economics at the University of Califor¬ 
nia. Santa Barbara. 

XV 

Management 

With the Alumni 

Henry F. Frailey, S.M. '57, a vice president of 
Coming Glass Works, has been appointed busi¬ 
ness manager of television products . . Donald 

E. McGuire, '50, is now manager ot manufactur¬ 
ing in the Electrical Products Division of Coming 
Glass Works . . . Thomas R. Williams, S.M. '54, 
Chief Executive Officer of The First National Bank 
of Atlanta, was elected Chairman of the Board .. . 

F. Hudnall Christopher, Jr., S.M. '59, is now vice 
president of allied products and services of R. J. 
Reynolds Tobacco Co. . . . Carroll G. 
Tompson, S.M. '69. a vice president of the R. J. 
Reynolds Tobacco Co., has been elected 
president and chief executive officer of RJR 
Archer, Inc., manufacturers of packaging mate¬ 
rials. 

The new director of manufacturing and en¬ 
gineering planning in the Manufacturing and En¬ 
gineering Division of Corning Glass Works is Gil- 
lett Welles III, S.M. '63 ... James C. Emery, 
Ph.D. '54, was elected President of EDUCOM, a 
consortium of universities and non-profit organi¬ 
zations founded to help its members make effec¬ 
tive use of computers and communications 
technology . . . Lewis G. Pringle, Ph.D. '69, has 
been appointed Director of Management Informa¬ 
tion Services and International Research at Bat¬ 
ten, Barton, Durstine and Osborn, Inc.; he will 
also continue in his position as a vice president of 
their advertising agency . . . Lewis A. Phillips, 
S.M. '68, is Plant Manager of the Georgia-Pacific 
corrugated plant in Olympia, Wash. 

Gary L. Bergstrom, Ph D. '68, is vice president 
of Putnam International Advisory Co. S.A. He is 
also vice president and head of the computer in¬ 
vestment research department of The Putnam 
Management Co., Inc. . .. J. Phillip Samper, 
S.M. 73, is Assistant to the General Manager of 
the Marketing Division for the U.S. and Canadian 
Photographic Division of Eastman Kodak ... 
Richard A. Jacobs, '56, has been elected a vice 
president of A. T. Kearney, Inc. .. . Alexis Fal- 
quler, S.M. '67, has been elected a partner in 
McKinsey Co. and is involved in developing their 
practice in Mexico . . . Byron Miller, S.M. 72, 
joined A.-T. Kearney as an associate in June. 

Robert Cann, S.M. '72, has also received his 
master's degree in electrical engineering and is 
listed in Who's Who in Black America. . . . Ar¬ 
thur Gerstenfsld, S.M. '66, who is associated 
with the Schools of Management and Engineering 
at Boston University, recently published a study of 
research and development projects in West Ger¬ 
many in the I.E.E.E. Transaction of Engineering 
Management . . . Mark S. Plovnick, S.M. 70, is 
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Assistant Professor of Management at Clark Uni¬ 
versity ... A. Edward Alllnson, S.M. '71, has 
been elected Vice President of State Street Bank 
Financial Corp. and State Street Bank and Trust 
Co. . .. John J. Wetzel II, S.M. '73, is staff en¬ 
gineer of engine emissions systems in Pontiac 
Motor Division's product engineering department. 

James Kidney, S.M. '61. is lecturing at the 
School of Accounting and Business Administra¬ 
tion at the University of Singapore . . . William 
Kay, S.M. '63, is Executive Vice President of Sun 
Company, Inc. with responsibilities for subsidiary 
companies engaged in refining, marketing, re¬ 
search and development, and information sys¬ 
tems . . . Victor R. Macdonald, S.M. '68. an IBM 
communications operations director, was ap¬ 
pointed to the Board of Education in New Canaan, 
Conn. 

XVI 

Aeronautics and Astronautics 

Charles Stark Draper, '26, is "a man of enor¬ 
mous achievement ... the father of inertial guid¬ 
ance," says the citation for his induction as a 
charter member of the new International Space 
Hall of Fame at Alamogordo, N.Mex., last October 
5. Dr. Draper, who graduated from M.l.T. in the 
Class of 1926 and went on to head its Department 
of Aeronautics and Astronautics and to found its 
Instrumentation Laboratory which is now renamed 
in his honor, was one of eight Americans (three 
still living) in a total of 35 initial inductees. Among 
other famous names in the roster were Wernher 
F. von Braun, Robert H. Goddard. Hugh L. Dry- 
den, and Yuri Gagarin. 

With the Alumni 

Arthur Gelb, Sc.D. '61, founder and president of 
the research and development firm Analytic Sci¬ 
ence Corp., of Reading, Mass., has been ap¬ 
pointed to the Massachusetts Port Authority 
Board of Directors . . . Dlneah Gupta, S.M. '70, is 
working on the development of biomedical sys¬ 
tems in a Nashua, N.H., based company and at¬ 
tending Northeastern Evening School in engineer¬ 
ing management.. . David Kohlman, Ph D. '63, 
is Visiting Professor of Aeronautics at the U.S. Air 
Force Academy, on leave from the University of 
Kansas . . . Lieutenant Colonel Tarry R. Jorrls, 
S.M. '63. completed the Air Force Air War College 
military education course at Maxwell Air Force 
Base, Alabama, last year. Terry works at Andrews 
Air Force Base. Maryland; and his wife, the former 
Marlene L. Hiller, '64, works at Washington Hospi¬ 
tal Center. 

Donald E. Hickman, S.M. '68. Captain in the 
U.S. Air Force and Developmental Astronautical 
Engineering Officer at Hickam Air Force Base, 
Hawaii, has received his second award of the U.S. 
Air Force Commendation Medal... First Lieuten¬ 
ant John E. Keesee, S.M. '75, a research en¬ 
gineering officer at the F. J. Seiler Research Lab¬ 
oratory, is now at the U.S. Air Force Academy .. . 
A. T. Yu, S.M. '46, is President of ORBA Corp., a 
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firm specializing in all aspects of bulk material 
handling and transportation systems located in 
Fairfield, N.J. ORBA Corp. recently dedicated the 
Superior Midwest Energy Terminal in Superior, 
Wis. — the first major coal terminal constructed in 
a metropolitan area of the U.S. under current en¬ 
vironmental regulations.. . . Robert C. Seamans, 
Jr., S.M. '42. was the principal speaker and one of 
four honorary degree recipients at the 98th 
Founder's Day Exercise at Lehigh University. ... 
Marshall H. Kaplan, S.M. 62, Associate Pro¬ 
fessor of Aerospace Engineering at Penn State 
University, is the author of the graduate text 
Modern Spacecraft Dynamics and Control pub¬ 
lished by John Wiley & Sons, Inc. 

XVII 

Political Science 

Robert I. Rotberg, Professor of History and Polit¬ 
ical Science at M.I.T., is co-editor of The African 
Diaspora, a collection of original essays which 
describe the ways in which Africans left their 
homelands, became exiles, and adapted to their 
new environments — recently published by Har¬ 
vard University Press. 

With the Alumni 

David L. Rosenbloom, Ph D. '70, has been ap¬ 
pointed Commissioner of Boston's Health and 
Hospitals Department . . . Herbert D. Friedman, 
Ph.D. '68, is Chairman of the newly-created 
Committee on Mental Health of the Massachu¬ 
setts Bar Association; he is also an associate in 
the Boston firm of Mahoney. Hawkes and Gold¬ 
ings .. William Platte. Ph.D. '71. Captain in the 
U.S. Navy, turned over command of the U.S. 
Naval Air Facility in Sigonella, Sicily, in Sep¬ 
tember and is now Deputy and Chief of Staff of the 
Naval War College in Newport, R.l. .. . James 
Jonah, Ph.D. '67, is with the United Nations in the 
Office of the Under-Secretaries-General for Spe¬ 
cial Political Affairs. . . . Robert B. Saba, S.M. 
'61, assumed the position of Vice President of 
Plant Facilities In the Metals Industries Group of 
the Pullman Swindell division of Pullman Inc., of 
Pittsburgh, in November. 

XVIII 

Mathematics 

Three members of the faculty have been pro¬ 
moted from Assistant Associate Professor: 

Norberto L. M. Kerzman, Eugene M. Klelnberg, 
'67, and James W-K Mark. 

With the Alumni 

Zdzlslaw A. Metzak, Ph.D. '56, Professor of 
Mathematics at the University of British Columbia, 
has just published the second volume of Compan¬ 
ion to Concrete Mathematics: Mathematical 
Ideas, Modeling and Applications. 


An Adjunct Professor in Business and 
Society 

Louis Banks, who was Editor of Fortune 
from 1965 to 1970 and then for three years 
Editorial Director of Time, Inc., supervising 
editorial work on all Time publications, is 
now Adjunct Professor of Management at 
M.l.T. He's teaching Sloan School subjects 
in Business and Social Pressures and Busi¬ 
ness and the Media. 

Since retiring from Time, Inc., in 1973 
Professor Banks has been teaching at Har¬ 
vard Business School; throughout his 
career he's concentrated on business policy 
and the relationships between business and 
society. 

Professor Banks studied at the University 
of California (Los Angeles), and he joined 
Time magazine’s Los Angeles bureau upon 
returning from World War II service in the 
Navy. His first post at Fortune was Assistant 
Managing Editor in 1961. 


“The Most Conservative Democrat Since 
1924” 

Last fall's election was “class-stratified," 
says Walter Dean Burnham, Professor of 
Political Science. Jimmy Carter owes his 
victory to his support by the "have losses," 
while President Ford was supported by the 
"haves." Carter's victory was narrow be¬ 
cause "the 'have-nots' did not vote,” Pro¬ 
fessor Burnham told an M.l.T. seminar in 
mid-November. Indeed, it was touch-and- 
go: “If it had rained in New York City on 
Election Day, Gerald Ford would still be 
President,” said Professor Burnham. 

Professor Burnham considered Carter 
"the most conservative Democratic candi¬ 
date since 1924. He was to right of the plat¬ 
form, and this helped him win the election." 
Now, in the White House, Carter's job is to 
make the transition between “the politics of 
support” — which he used to gain office — 
and the "politics of power” — which he must 
use to govern effectively. 
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M. Halle 

Linguistics Joins Philosophy 
In a New Department 

How people talk and write is an important 
clue to how they think. 

Hence the growing affinity of the dis¬ 
ciplines of philosophy and linguistics at 
M.l.T., where in the 1960s and 1970s there 
have been significant developments in an¬ 
alyzing language structure and its acquisi¬ 
tion. 

Now the marriage has been consum¬ 
mated: effective this fall, a new Department 
of Linguistics and Philosophy brings to¬ 
gether the Institute's work in linguistics and 
philosophy; programs in foreign languages 
and their literatures have become part of the 
Department of Humanities, and the De¬ 
partment of Foreign Literatures and Linguis¬ 
tics has been eliminated as an administra¬ 
tive entity. 

Morris Halle, formerly Acting Head of the 
Department of Foreign Literatures and Lin¬ 
guistics, has become Acting Head of the 
new Department of Linguistics and Philoso¬ 
phy, and he has begun teaching a new un¬ 
dergraduate Course leading to the S.8. de¬ 
gree in “Language and Mind." (The tra¬ 
ditional undergraduate program in “Philos¬ 
ophy" continues.) 

The central focus of the new under¬ 
graduate program — an overlapping of phi¬ 
losophy, linguistics, and cognitive psychol¬ 
ogy — is the nature of language and of men¬ 
tal representation of knowledge, the nature 
of linguistic knowledge, and the innate 
basis for the acquisition of such knowl¬ 
edge. Professor Ned Block, who is in charge 
of the new undergraduate program, thinks it 
is the First in this field to be given in the U.S. 
"There is a growing interest in this new 
field,” Professor Block told The Tech, "and 
many M.l.T. students are very excited about 
it." 

In addition to being named Acting Head of 
the new Department, Professor Halle has 
become Ferrari P. Ward Professor of 
Modern Languages and Linguistics; he suc¬ 
ceeds in that Chair — it is the result of a be¬ 
quest by the late Mr. Ward ('26) — Pro¬ 
fessor Noam A. Chomsky, named Institute 
Professor last spring. Professor Halle has 
been In charge of the Institute's linguistics 
program ever since its beginning — 
"virtually its 'department head,' ” said 
Harold J. Hanham, Dean of the School of 
Humanities and Social Science. 


XIX 

Meteorology 

Ronald G. Prinn, Sc.D. 71, a specialist In 
planetary atmospheres and their evolution, has 
been promoted from Assistant to Associate Pro¬ 
fessor. 

With the Alumni 

Henry W. Brandll, S.M. '65, retired from the 
United States Air Force in July as a Lieutenant 
Colonel and as of November began working for 
Environmental Research and Technology, Inc., of 
Concord, Mass., as a Research and Operational 
Satellite Meteorologist. The United States Air 
Force is publishing his book Satellite Meteorology 
and he recently co-authored a chapter in the 
Manuel of Remote Sensing, published by the 
American Society of Photogrammetry. . . . Darryl 
W. Copeland, 59. was promoted from Executive 
Vice President to President of Cble-Layer- 
Trumble Co., a subsidiary of Day & Zimmerman, 
the Philadelphia-based international engineering, 
construction, management and consulting firm... 
Lieutenant Colonel Ronald L. Llnlnger, S.M. '52, 
was awarded the Meritorious Service Medal of the 
United States Air Force for superior performance 
as an advanced weather officer to Scott Air Force 
Base. Illinois; he is presently assigned to Kapaun 
Barracks, Germany, with a unit of the Air Weather 
Sen/ice. 

XX 

Nutrition and Food Science 

Three members of the Department have been 
promoted from Assistant to Associate Professor: 
Michael C. Archer (carcinogenesis, enzymology. 
and bioanalytical chemistry). James M. Flink, '64, 
(food processing and novel protein sources), and 
Loy D. Lytle (neural effects of dietary variations). 

With the Alumni 

Arthur W. Phillips, Jr., Sc.D. '47, has been Pro¬ 
fessor of Microbiology at Syracuse University in 
the Department of Biology since 1959. . . William 
J. Goldman, S.M. '64, graduated last year from 
Hahnemann Medical College and Hospital and 
will complete an internal medicine residency at 
Pennsylvania Hospital of the University of 
Pennsylvania . . . Ronald C. Wornlck, S.M. '60. 
Group Vice President of Food Service Industries 
of Ctorox Co., Is President of the International 
Food Service Manufacturers Association and 
Chairman of the National Alliance of Busi¬ 
nessmen in Oakland, Calif. . . . Shirley M. 
Plcardl, Ph.D. 76, has been appointed Industrial 
Liaison Officer at M.l.T. .. . John H. Litchfield, 
'50, is Manager of Bioengineering and Health Sci¬ 
ences Research at Battella Columbus 
Laboratories . . John W. Zahradnlk, Ph.D. '65, 
is Chairman of the combined Departments of Ag¬ 
ricultural Mechanics and Bio-Resource Engineer¬ 
ing at the University of British Columbia in Van¬ 
couver, Canada. . . William P. Steffee, Ph.D. 
74, has started a practice in clinical nutrition — 
Medical Nutrition Associates. Inc., a referral serv¬ 
ice for physicians located in Wellesley. Mass. 


XXI 

Humanities and Social Science 

Eltlng Elmore Mori son, Elizabeth and James Kil¬ 
lian Class of 1926 Professor. Emeritus, and his 
wife, Elizabeth Forbes Morison, co-authored New 
Hampshire: A Bicentennial History, the latest vol¬ 
ume in the States and the Nation series being 
published by W. W. Norton & Co. 
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Wilma E. Wetterstrom, formerly Instructor, is 
now Assistant Professor of Anthropology and Ar¬ 
chaeology; a graduate of the University of Michi¬ 
gan, she's been at M.l.T. since 1974. 

Three appointments as Visiting Assistant Pro¬ 
fessors were announced late last fall: 

Sheldon H. Davie, Director of the Anthropol¬ 
ogy Resource Center in Cambridge, is teaching 
part-time at M.l.T.; he's a specialist in social an¬ 
thropology. 

Joseph H. Hall, who is a Ph.D. candidate in 
American civilization at the University of Pennsyl¬ 
vania, is full-time Visiting Assistant Professor. He 
is Instructor in Anthropology and Archeology at 
Germantown Academy, Germantown, Penn. 

Barry Lydgate, Assistant Professor of French 
at Wellesley College, is part-time Visiting Assist¬ 
ant Professor at M.l.T. 

Marcus A. Thompson has been promoted to As¬ 
sociate Professor. Professor Thompson is widely 
regarded as one of the brilliant violists of his gen¬ 
eration and since he joined the M.l.T. faculty in 
1973 has made frequent tours and recitals. He 
founded the M.l.T. Chamber Music Society and 
directs the M.l.T. Chamber Players. 

With the Alumni 

Don M. Shakow, '62, is Assistant Professor of 
Economics at Clark University; his research has 
been in the economics of labor-managed enter¬ 
prises and systems, and in cooperative business 
organization. 

XXII 

Nuclear Engineering 

Louis S. Scaturro received his Ph.D. from Co¬ 
lumbia University at the end of the summer with a 
thesis in the field of experimental plasma physics, 
and he has now joined the Department as Assist¬ 
ant Professor. He's in charge of 22.07 — "Prepa¬ 
ration for Plasma Physics," the introductory 
course in fusion processes given primarily for 
sophomores. 

With the Alumni 

Allan A. Offenberger, Ph.D. '68, has returned 
from a sabbatical year at the Culham Research 
Laboratory of the U.K. Atomic Energy Agency. 
Abingdon, Oxforshire, to a promotion: Professor 
of Electrical Engineering at the University of Al¬ 
berta. 

Glenn E. Lucas, S.M. 75, has been awarded 
the Joseph Warren Barker Fellowship in En¬ 
gineering for 1976 ... George Odette, Ph.D. 71, 
has been promoted to Associate Professor of Nu¬ 
clear Engineering at the University of California at 
Santa Barbara . . Andrew Kadak, S.M. 72, is 
Director of Nuclear Information for the New Eng¬ 
land Electrical Systems; he lives with his wife and 
two children in Barrington, R.l. ... Eric 
Wastberg, S.M. 72, is working as construction 
area coordinator and living at the construction site 
of Brazil's first nuclear power reactor In Angra dos 
Reis, approximately 100 miles down the coast 
from Rio de Janeiro. With him are his wife, Lucia, 
and their two children; classmates in the area can 
contact them through the Westinghouse office in 
Rio de Janeiro. 

Jamea L. Klucar, S.M. '69, is Vice President of 
Engineering for Signal Hill Electric, Inc., of 
Mountain View, Calif... . Richard Weader, Nu.E. 
'67, is employed by Nuclear Energy Services, 
Inc., a division of Automation Industries, Inc., as a 
nuclear engineer. He and his wife. Amy, have a 
son, James, born in March, 1976 ... Martin L. 
Bowtlng, Jr., Nu.E. 71, has been appointed 
Supervisor of Nuclear Fuel Engineering In the 
Fuel Resources Department of Virginia Electric 
and Power Co., Richmond. 








A widely used type of vertical-axis windmill is the Savonius rotor. 
The torque output (or rotational speed) of the rotor can be 
controlled by a simple adjustment of air flow at one point. The 
geometry consists of a cylindrical shell, split in half and mounted 
to rotate between circular top and bottom plates. The two 
halves of the shell are separable so that the “wing passage" 
between them can be opened and closed. With the passage closed 
(left), circulation is impeded and there exists a partial vacuum on 
the downwind side of the wing which is advancing into the wind; 
there is a large retarding force on this wing and the net torque on 
the rotor is only moderate. With the "wing passage" open (right), 
the region of vacuum is replaced by a region of pressure and 
torque output is increased by a factor of three or more. Savonius 
rotors are usually constructed with fixed geometry, the wing 
passage being adjusted for maximum output. This occurs when the 
distance between centers of the two semicircles is about half a 
diameter. 



system. When the wind disappeared this accumulated 
water was used to generate power. Gas turbines and die¬ 
sel engines are suitable standby sources for large or small 
systems. 

Substantial fuel savings could be realized by a large 
wind generator placed in a windy location in parallel with 
a generator powered by a diesel engine or oil-fired gas 
turbine. Such an oil-fired machine consumes about two 
barrels of fuel per 1,000 kilowatt-hours of electricity gen¬ 
erated. On a good site, a 100-kilowatt wind turbine will 
produce 300,000 kilowatt-hours per year, saving 600 
barrels of diesel fuel, $6,000 to $12,000 a year. If a bat¬ 


tery of ten such wind generators could be purchased and 
installed for $500,000 — perhaps plausible prices for 
production models — the ten would pay for themselves in 
seven years without any allowance for year-to-year in¬ 
creases in fuel cost. If fuel prices continue to increase, the 
wind generator will look even more favorable. 

Four types of applications where wind energy may 
have a place in the near future are: 

□ Water pumping in small volumes with medium and 
high lifts for livestock, people, and minor irrigation in 
sparsely populated, dry areas — a traditional application, 
and commercially-built multivane fans are now in use. 
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□ Water pumping in large volumes, with low or medium 
lifts, for irrigating cereal grains or other crops. High- 
efficiency wind turbines making electricity to drive pumps 
of one to five kilowatts capacity are available now, 
though not at acceptable cost. Many agricultural regions 
are unsuitable because of insufficient wind, but some re¬ 
gions are suitable. 

□ Battery chargers for low-power, high-value communi¬ 
cations and illumination energy in remote locations. 
Above 20 or 30 watts, a small wind generator is likely to 
be a more economical choice than a photovoltaic panel, 
depending, of course, on the wind. The equipment for 
this application is available now. 

□ Supplementary energy sources for centralized power 
grids. Large propeller-type (horizontal-axis) or Darrius 
wind machines generating 100 kilowatts or more would 
be required. This is not new technology, but there is room 
for improvement and cost reduction through mass pro¬ 
duction. The centralized power grids will find the energy 
from wind to be economical if they have an alternative 
source with a short response time in the system. 

The Most Urgent Research Needs 

Many important and worthwhile research programs have 
been started in the last few years since funds from the Na¬ 
tional Science Foundation and the Energy Research and 
Development Agency became available. It is not my pur¬ 
pose to review these here. I will speak only of two rather 
simple and yet rather urgent requirements. One concerns 
the wind and one concerns the machines. 

A high priority for power windmills — and one on 
which work is likely to be cost-effective — is a systematic 
search for good sites. This would be facilitated by more 
appropriate instruments. Present instruments are too ex¬ 
pensive because they give too much information. Con¬ 
sequently only a few locations can be instrumented. 



"... a Gargantuan wind turbine" . . . "such a windmill as Don 
Quixote never would have tilted .. .” are among phrases used by 
contemporary editors of this journal to describe the 
"Smith-Putnam” generator on Grandpa s Knob, a windy height in 
southern Vermont (left). Completed early in the 1940s, it was in 
fact the largest wind system ever built — blades over 80 feet long 
having a chord of over 11 feet (above), mounted on a 110-foot 
tower, designed to produce 1,000 kilowatts of power in a 30-m.p.h. 
wind. A blade failure at the point of a known metallurgical fault 
caused destruction of the machine in 1945, and subsequent 
economic studies led to abandonment of the project. But prior to 
failure, the unit had frequently pumped its full capacity of power 
into the southern Vermont electric grid. (Photos: John B. Wilbur 
from M.l.T. Historical Collections) 


Knowledge of wind below 10 m.p.h. is unimportant for 
power windmills, and so is wind direction. Present in¬ 
struments give a complete record of wind velocity and di¬ 
rection at all moments of time. What is needed is an inte¬ 
grated record of the energy in winds over 15 m.p.h., or 
even just mean windspeed. 

The search for good sites would be facilitated greatly 
by a change in the manner of its organization. The 
present approach is to rely on an organized bureaucracy, 
a national meteorological service. This is good for archiv¬ 
ing data and for methodological wind survey programs, 
but it does not encourage “prospecting” — the search for 
the scattered, barely predictable excellent sites. The U.S. 
government once sponsored an individual reward pro¬ 
gram to encourage prospectors for domestic uranium 
ores; the same kind of program would be useful in the 
search for wind power sites. 

In power generating windmills of large size the index of 
merit is output per unit capital cost (not efficiency). There 
are two approaches to improving this. One approach is to 
improve aerodynamic and electrical design to extract a 
higher proportion of the power in the wind. The other 
route is to work toward designs and materials which will 
make the finished machines less costly. The most sophis¬ 
ticated horizontal-axis wind turbines already extract 
more than half the power in the wind (at the most favor¬ 
able windspeed), only a few points below the absolute 
upper limit of 59.3 per cent. However, the problem of re¬ 
ducing cost through engineering has hardly been ap¬ 
proached as yet, because no national program has ever 
progressed beyond the point of testing a few prototypes. 

The history of multivane fan water pumping windmills 
demonstrates that product improvement with the incen¬ 
tive of sales competition in a volume market can bring 
wind machines to large-scale utilization. If a volume 
market for power generating windmills could be provided 
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Location 

Dates 

Rated 

power 

(kilowatts) 

Rated 
wind speed 
(m.p.h.) 

Diameter 
of swept 
circle 
(feet) 

Number 

of 

blades 

Rated 

rotation 

speed 

(r.p.m.) 

Smith-Putnam 

Grandpa s Knob, 
Vermont 

1941-45 

1,250 

32 

175 

2 

29 

Aerowatt 

60 km. west of 

Paris 

1957-65 

800 

45 

105 

3 

47 

NEVRPIC 

France 

1963-64 

1,000 


115 

3 


NEYRPIC 

France 

1960-63 

132 


69 

3 


Balaclava 

U.S.S.R. 

1931-41 

100 

25 

98 

3 

30 

Gedser 

Denmark 

1957-67 

200 

33 

79 

3 

30 

John Brown 

Orkney, U.K. 

1950s 

100 

35 

50 

3 

130 

N.A.S.A./E.R.D.A. 

Sandusky, Ohio 

1975 — 

100 

18 

124 

2 

40 

F. L. Smidth 
(12 units) 

Denmark 

1941-50s 

60 

22 

57 

2 

variable 

F. L. Smidth 
(6 units) 

Denmark 

1943-50S 

70 

19 

79 

3 

variable 

Isle of Man 

U.K. 

1958-? 

100 

41 

50 

3 

75 


This chart summarizing the characteristics of some large wind 
generators reveals that only two such machines have been built in 
the U.S., and the number of units elsewhere in the world can be 
counted on the fingers of two hands. The largest of all was the 


in the U.S., manufacturers would have some incentive for 
investing in tooling and design improvements in order to 
cut costs. Possibly a subsidy to purchasers which would 
have the effect of artificially lowering the cost of 
windpower at the start would be an effective way to 
spend government funds. At present, available funds are 
used to support the building of prototypes, accepting very 
high unit costs in the hope of gaining knowledge and thus 
improvements in performance. The approach resembles 
that used in aerospace and defense development; it may 
not be the best way to develop wind energy. 

Prospects for Wind Power on a Large Scale 
With respect to large-scale wind power development for 
electricity production, the largest single problem today is 
that almost no one takes the possibility seriously. Most 
people do not believe wind energy can ever make an im¬ 
portant contribution to U.S. energy needs. Various 
E.R.D.A.-commissioned studies have concluded other¬ 
wise. Assuming cost-effectiveness, what can be said about 
the prospects? 

A well-engineered wind generator of conventional type 
(two blade propeller) properly matched to its site can be 
expected to have a capacity factor of 35 to 40 per cent — 
i.e., in one year a unit rated at 1,000 kilowatts (1 
megawatt) can be expected to deliver 3,000 to 3,500 
megawatt-hours. Assuming that the electricity grid can 
absorb all this energy at the time it is produced, then 
100,000 wind-powered generators of this size would 
supply 300 to 350 million megawatt-hours per year, or 
about 15 per cent of present U.S. electricity use. There is 
certainly no problem in producing the machines; a wind 
generator is less complex than an aircraft. Wind surveys 
indicate that there are enough sites, though the certainty 
of this knowledge is not complete. The land requirement 
is not excessive, especially considering that a wind power 


ill-fated Smith-Putnam machine, which was connected briefly into 
the New England power grid in 1945. A 200-kilowatt generator will 
soon be completed on the Magdalen Islands, Canada, to supply 
power for those isolated communities. 


installation will probably not conflict with other land 
uses. I am convinced that the prospects for wind energy 
are sufficient to justify a determined national effort, well 
funded and consistently pursued, to overcome the eco¬ 
nomic problems and demonstrate the engineering, which 
is not really in doubt. Scientific breakthroughs are not re¬ 
quired. With the will to do it, large-scale use of wind 
energy can become a reality in the 1980s. 

Suggested Readings 

P. C. Putnam, “Power from the Wind,” Van Nostrand (1948); re¬ 
printed, Van Nostrand Reinhold (1974). 

E. W. Golding, “The Generation of Electricity by Wind Power,” 
Philosophical Library (1955); out of print; obtain from University Mi¬ 
crofilms, Ann Arbor, Michigan. 

E. W. Golding, “Electrical Energy from the Wind,” Proceedings of the 
Institution of Electrical Engineers 102A, pp. 667-695 (1955). 

E. N. Fales, “Windmills,” in Standard Handbook for Mechanical En¬ 
gineers, T. Baumeister and L. S. Marks, editors, McGraw-Hill; the same 
article appears in many editions. 

Proceedings of the United Nations Conference on New Sources of 
Energy, Rome, 1961. Published by the United Nations (1964; reprinted 
1974)'. Vol. 7, “Wind Energy.” 

“Wind Energy Conversion Systems — Workshop Proceedings,” J. M. 
Savino, editor. Conference held June, 1973, Washington, D.C. National 
Science Foundation Document NSF/RA/W-73-006. 

“Proceedings of the Second Workshop on Wind Energy Conversion 
Systems,” Frank Eldridge, editor. Workshop held June, 1975, Washing¬ 
ton, D.C. Proceedings published by the Mitre Corporation, McLean, 
Va. Document NSF-RA-N-75-050; MTR-6970. 

“Vertical-Axis Wind Turbine Technology Workshop” Proceedings. 
Lyle Weatherholt, editor. Workshop held May, 1976, Albuquerque, 
N.M. Document SAND 76-5586. 


Marshal F. Merriam, Associate Professor of Materials Science and En¬ 
gineering at the University of California, Berkeley, was educated in 
physics (S.B., M.I.T., ’53; Ph.D., Carnegie Institute of Technology, ’61) 
and has been interested in solar and wind energy since the early 1970s. 
Before coming to Berkeley he was with the University of California, San 
Diego, and has also served as Visiting Professor in Kanpur, India, and 
Sao Carlos, Brazil. 
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The Local Economic 
Impact of Nuclear Power 


Nuclear power plants differ from fossil-fueled plants: 
they cost more per unit of capacity, they take longer to 
build, they require refueling not more often than once a 
year, and — for reasons of safety — they are usually sited 
in rural areas, away from centers of population. 

Many years’ experience has given us a good basis for 
estimating the local economic impact of the construction 
of fossil-fueled electric generating plants. But the nuclear 
industry is so new that only fragmentary information is 
available on the consequences to local economies of nu¬ 
clear power plants. The purpose of this article is to pro¬ 
vide a preliminary overview, drawing upon published and 
unpublished data and upon interviews with local gov¬ 
ernment officials, power companies, and trade union 
leaders. 

Nuclear power plants, like large fossil-fueled plants, 
are usually sited in clusters, with at least two — and often 
up to six or eight — units being planned for each tract 
selected. Clustering provides economies in construction 
and operation of the plants as well as in transmitting elec¬ 
tricity to regional power grids. A rural area selected for a 
cluster of nuclear plants experiences a construction proj¬ 
ect of extraordinary size and duration, exceeding that in¬ 
volved in building an airport and far exceeding that typi¬ 
cal of an urban office building; and when construction is 
completed, the area acquires one of the most capital- 
intensive industrial facilities known. 

The original cost of a nuclear plant with one generating 
unit is now reckoned in hundreds of millions of dollars, a 
sum which may approach or even exceed the value of all 
other structures in the town, country, or tax district. If 
several generating units are built, the utility’s impact on 
assessed valuations and taxes may well be uniquely large. 

To understand and predict the impact of nuclear 
plants not yet designed or built upon diverse and also 
changing rural areas is difficult. New nuclear units are 
larger than old ones, more expensive and time-consuming 
to build. The economic impact suddenly changes upon 
completion, and it will change once more upon decom¬ 
missioning. Only inconclusive information exists on 
who will pay for decommissioning and for managing the 
radioactive areas which remain and how local property 
taxes will be affected. 

Past Impacts: “Far from Overwhelming” 

To date, the total economic impact of these huge indus¬ 
trial facilities upon the rural communities in which they 
have been built has been far from overwhelming. These 
low levels of overall economic change typical of nuclear 


plants mean that standard statistical measures such as are 
provided by the U.S. Bureau of the Census and the U.S. 
Department of Labor do not show variations which cor¬ 
relate with the presence or absence of a nuclear power 
plant. Detailed, local study is necessary. 

Furthermore, it is necessary to interpret standard statis¬ 
tical measures differently for each locality and to rely on 
judgments by individuals in touch with local conditions. 
This implies the possibility of personal bias, both on the 
part of those supplying and interpreting information and 
on the part of those — including the author of this article 
— compiling the results. Fortunately, however, there 
seems to be a wide area of agreement on the subject of 
local economic impacts of nuclear plants. It is out of this 
area, as perceived by the author, that the material in this 
article has been drawn. 

Construction: Skills Amid Unemployment 
Most nuclear power plants now on line required three to 
five years for construction; those now nearing completion 
have been under construction five to seven years. Eight 
years will be required for completion of T.V.A.’s four- 
unit plant near Hartsville, Tenn., and ten years for the 
Philadelphia Electric Co.’s high-temperature gas-cooled 
reactor, a two-unit plant proposed for Fulton, Penn. 

Peak employment ranges from about 1,200 for a one- 
unit plant to 5,400 for a four-unit plant. The number of 
construction workers on a site increases for the first half 
of the construction period and then decreases pro¬ 
gressively. The mix of required construction skills 
changes from year to year but in general is characterized 
by a large proportion of skilled workers, particularly of 
steamfitters and electricians. The table on page 42 gives a 
breakdown of the work force by occupation for each year 
during construction of Commonwealth Edison Co.’s 
two-unit plant in Zion, Ill., completed in 1973 and 1974. 


In three years between 1969 and 1972, municipal tax revenue in 
the little (population, 2,300) seashore town of Wiscasset, Maine, 
grew from $600,000 to $2.2 million — thanks to construction of the 
Maine Yankee Station (in the upper right hand portion of the 
picture) of the Central Maine Power Co. But the bonanza was 
short-lived; now Wiscasset makes the largest single payment of 
any town in Maine under a uniform state-wide property tax to 
provide per-pupil payments for education. (Photo: Roger Paul 
Jordan, Inc., from Central Maine Power Co.) 
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What happens on Main Street when a 
half-billion-dollar nuclear industry is built 
just outside town? So far in New 
England, not very much. But future 
plants will be bigger, and so will be their 
impacts 
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A total of 5,368 man-years of labor was 
required by over 1,000 workers to build the 
two-unit plant of Commonwealth Edison Co. 
in Zion, Illinois, between 1968 and 1974 — a 
total payroll of SI 34 million. (The figures do 
not include clerical workers, technicians, 
and supervisors, who together are 
estimated to add between 15 and 20 per 
cent to the figures shown.) The striking point 
of this data is that only 20 per cent of the total 
represented unskilled labor. Some 17 per 
cent of the skilled labor were 
nuclear-qualified welders, including 
one-third of the pipe/steamfitters, iron 
workers, and sheet metal workers and 
one-quarter of the millwrights and 
boiler-makers. New, larger reactors 
projected for construction in the future will 
require larger work forces. 



Year 

1 

2 

3 

4 

5 

6 

7 

Total 

Estimated payroll 

(Millions of dollars at 
1975 levels) 

$4 

S14 

S24 

S38 

S28 

S22 

S4 

SI 34 

Skilled man-years: 

Pipe steam fitters 

8 

33 

155 

423 

427 

293 

13 

1352 

Elect ncians 

2 

7 

53 

353 

299 

174 

8 

896 

Carpenters 

49 

174 

203 

148 

62 

40 

2 

678 

Iron workers 

25 

88 

148 

111 

52 

57 

3 

484 

Boilermakers 


— 

85 

57 

46 

22 

1 

211 

Operating engineers 

16 

46 

45 

57 

37 

22 

2 

225 

Truck drivers 

5 

19 

16 

19 

10 

8 

1 

78 

Insulation workers 

— 

— 

— 

— 

— 

117 

13 

130 

Millwrights 

— 

— 

— 

23 

34 

31 

6 

94 

Cement masons 

3 

12 

19 

39 

13 

13 

76 

175 

Plumbers 

— 

— 

26 

26 

14 

7 

1 

74 

Sheet metal workers 

— 

— 

— 

41 

22 

6 

1 

70 

Unskilled man-years 

33 

J83 

228 

239 

120 

92 

_6 

901 

Total 

141 

562 

978 

1536 

1136 

882 

133 

5368 


The required pool of skilled workers is not likely to 
exist in the rural or small-town plant location, but the re¬ 
cruitment of construction workers has posed no special 
problems for plants which offered union rates of pay and 
were within commuting distance of a major city. Both 
these conditions existed at the six nuclear sites now in use 
in New England: only about 15 per cent of the workers 
moved their domiciles in order to come within commut¬ 
ing range of the projects. Those who did come from afar 
were able to find accommodation in existing houses, 
apartments, bedrooms, and mobile homes within a 30- 
mile radius of the plant sites. School enrollments did not 
skyrocket, public services were not strained, and retail 
stores could handle the extra business without enlarging 
their facilities. 

Because the required pool of skilled workers did not 
exist in the purely local labor market, the local economic 
impact through employment was modest. For example, 
though Plymouth, Mass., must have had its economy 
stimulated by the construction of the Pilgrim Plant, 
Plymouth remained on the U.S. Department of Labor’s 
list of areas having unusually high rates of unemployment 
throughout the decade beginning in 1965, during which 
the plant was built. Even in 1970, when construction was 
well underway, the decennial census showed that 
Plymouth (town) had a higher unemployment rate (6.2 
per cent) than Plymouth County (4.3 per cent), which in 
turn had a higher rate than Massachusetts as a whole (3.8 
per cent). This is evidence that the types of employment 
offered in building the Pilgrim Station did not match the 
skills of Plymouth’s unemployed. 

Another reason for the small local impact of nuclear 
construction in New England was that power companies 
and prime contractors took pains to consult with local 
officials, informing them about construction schedules 
and advising them about the desirability of zoning and 
other types of controls that might prevent shanty-town 


situations from arising. 

On larger nuclear construction projects elsewhere, 20 
to 30 per cent of the workers have changed their resi¬ 
dence in order to claim jobs, and it has become more 
difficult to avoid stressful situations even with careful 
planning. The largest nuclear project yet proposed is that 
of the Tennessee Valley Authority at Hartsville, Tenn., 
where a four-unit plant is to be built. The T.V.A. has con¬ 
cluded that there will be no way to avoid an influx of 
workers into the counties near the project; about 500 are 
expected after the first year and 2,700 at the peak of em¬ 
ployment. These 2,700 will be accompanied by about 
1,700 school-age children and 1,700 other family mem¬ 
bers — a grand total of 6,100. Accordingly, plans have 
been made for constructing new conventional houses and 
mobile home parks, extending sewage systems, expand¬ 
ing health facilities, providing temporary classrooms ad¬ 
jacent to existing schools, and developing a mass trans¬ 
portation system utilizing buses, vans, and car pools. 

Skagit County in Washington, where a two-unit 
2,300-megawatt plant will be started in 1977, has 
worked out an interesting agreement with the Puget 
Sound Power Co. in order to avoid the common problem 
of a city being required to expand the educational and 
police protection systems to accommodate construction 
workers and their families before the plant being built 
generates significant taxes to pay for these services. In ex¬ 
change for the county’s rezoning the land into an indus¬ 
trial category, the company has agreed to, in effect, pre¬ 
pay future property taxes to the extent required to offset 
the cost of extra services. 

An example of a construction project that did create a 
considerable — though not entirely unwelcome — impact 
is the $635-million, two-unit Brunswick Plant of the 
Carolina Power and Light Co. near Southport, Brunswick 
County, N.C. Construction started in 1969, with comple¬ 
tion of the first unit achieved in 1975 and that of the 
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Position 

Single-unit 
plant staff 

Two-unit 
plant staff 

Maximum monthly 
rates of pay. 
two-unit plant 

Plant management 

Superintendent 

1 

1 

Open 

Assistant 

1 

1 

S2.945 

Operations 

Operations supervisors 

1 

2 

2.678 

Shift supervisors 

6 

6 

2.198 

Lead operations foremen 

— 

5 

1.800 

Control operators 

11 

16 

1,517 

Auxiliary operators 

11 

16 

960 

Lead fuel handlers foremen 

— 

3 

1.390 and 1.670 

Fuel handlers 

— 

6 

1,390 

Technical 

Technical supervisor 

1 

1 

2,678 

Professionals 

6 

9 

1.610 to 2.198 

Technicians 

9 

16 

1.610 

Maintenance 

Maintenance supervisors 

1 

2 

1.800 

Craft and repair men 

18 

28 

938 to 1.428 

Security 

11 

16 

Contracted 

Total 

77 

128 

S250.000 approx. 


Though a nuclear power plant is a highly 
technical industrial machine, its operation 
requires relatively few people. This table 
shows the number of employees and 
monthly payroll as of June, 1975, at 
Commonwealth Edison Co.'s nuclear 
reactor at Zion, Illinois, completed in 1974. 
The Nuclear Regulatory Commission now 
requires more surveillance, testing, 
security, and clerical personnel than are 
shown in this table, and the author believes 
that employment levels — as of 1976 — 
may be as much as 50 per cent higher than 
shown here. Even according to that 
estimate, the number of employees and 
amount of their payroll is low considering 
the capital investment represented by a 
nuclear power plant. 


other being scheduled for 1977. Employment peaked in 
1972 at 3,400 workers instead of the anticipated 2,400 
— an increase caused by delays in completing the designs. 
Brown and Root, the prime contractor, brought in many 
more outside workers than the Carolina Power and Light 
Co. had forecast in initial talks with county officials; 
some 1,700 workers moved into Brunswick County on a 
semi-permanent basis. Of these about half rented, pur¬ 
chased, or built conventional housing and half settled in 
mobile homes. The total population of Brunswick 
County increased 15 per cent, from 24,000 in 1969 to 
27,600 in 1973, and school enrollment increased 25 per 
cent. Brunswick County was not prepared in terms of 
mobile homes and public services. Schools became over¬ 
crowded, retail stores experienced a large increase in 
trade, and the sewage system became overloaded. 

Several factors contributed to cause this problem. Only 
about 200,000 persons resided within a 65-mile radius of 
the plant, and few were skilled construction workers. 
Furthermore, the nonunion pay rates of Brown and 
Root, while competitive locally in the low-wage area of 
Southport, were not competitive in certain other parts of 
nearby North and South Carolina; thus some construc¬ 
tion workers within the commuting radius preferred to 
take jobs elsewhere. Training programs offered by Brown 
and Root were of marginal use because most of the work¬ 
ers who were trained in them switched to better-paid jobs 
with other employers in nearby areas. Indeed, Brown and 
Root had such difficulty finding an adequate labor supply 
that its recruiters were working as far afield as California. 

Brunswick County was able to deal with this popula¬ 
tion influx in a constructive manner because the assessed 
value of the plant increased rapidly during the construc¬ 
tion period, and the actual funds which became available 
through the property tax were augmented by funds bor¬ 
rowed in anticipation of even greater tax revenues later. 
So it was possible to build new schools and improve the 


quality of education to the point that in 1975, for the first 
time ever, all schools in the county were accredited. 

No great exodus of population occurred immediately 
after peak employment was reached, because there were 
other large construction projects seeking labor nearby. 
More recently, however, an exodus has brought a drop in 
real estate values, in Brunswick County. 

As they have in other towns close to nuclear plants, 
complaints arose in Southport from employers whose 
labor costs were increased as a result of the nuclear 
plant’s competition for workers. Some employers were 
unable to survive this competition and went out of busi¬ 
ness; employers of agricultural labor producing commer¬ 
cial, perishable crops and local building contractors were 
especially vulnerable. 

The Local Dealer Is Too Small 

Procurement for any nuclear construction project stimu¬ 
lates industry over a wide geographic area and through 
many economic linkages, direct and indirect. There is no 
good technique for allocating the effect of procurement 
on the locality near the plant site. 

Much of the machinery and equipment required is 
highly specialized and is bought as a part of unified sys¬ 
tems supplied by the few companies qualified to manufac¬ 
ture them. For example, the reactor pressure vessel for the 
first unit of T.V.A.’s Browns Ferry Station, Limestone 
County, Ala., was manufactured in Ohio, and vessels for 
the second and third units were made in Japan. The reac¬ 
tor vessel for the Pilgrim Plant was manufactured in 
Chattanooga, Tenn., and shipped to Massachusetts by 
barge. The turbogenerators also usually come from afar. 

Even most standard building materials are purchased 
in large quantities on the basis of competitive bids in¬ 
volving large-scale, often distant, suppliers. Unless a 
major or highly specialized supplier happens to be in the 
area, prime contractors’ local purchases are likely to be 
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limited to day-to-day needs of sand, gravel, stone, 
lumber, and miscellaneous hardware. 

There is general agreement among power company 
officials and local residents that local procurement for a 
nuclear plant has a small, though beneficial, effect on the 
local economy. They also agree that the construction 
workers who commute to work spend little money lo¬ 
cally. 

Living With a Capital-Intensive Giant 
As the construction period is completed and a new nu¬ 
clear plant goes “on line,” employment falls to the rela¬ 
tively low level shown in the table on page 43. The edu¬ 


cational prerequisites for most operating assignments are 
modest. Reactor operators typically have a high school 
education followed by specialized reactor training given 
by the power company. Senior reactor operators must 
have a year or two of college, conventional power plant 
experience, and more extensive specialized training. The 
plant manager and his assistant would normally have 
four-year college degrees. Because most qualifications 
and rates of pay are modest, the local payroll is likely to 
be about $2 million a year for a one-unit plant and S3 
million for a two-unit one. 

In addition to operating personnel, certain pro¬ 
fessionals, necessary to plant operations, but not on a 


Would You Do It Again? A Resounding “Yes” 


What were the economic and 
political/social impacts of the Pilgrim 
(Plymouth, Mass.) and Millstone 
(Waterford, Conn.) nuclear reactors 
on their host communities? “Mini¬ 
mal,” say members of a social impact 
assessment team from Oak Ridge Na¬ 
tional Laboratory after a year-long 
study sponsored by the Nuclear Regu¬ 
latory Commission. 

There was “explosive” growth in the 
population of Plymouth (about 11 per 
cent a year) beginning in 1968 when 
construction of the Pilgrim Station be¬ 
gan; school enrollments increased 108 
per cent in the decade ending in 1975, 
and building permits doubled each 
year between 1970 and 1972. But re¬ 
gional growth patterns suggest that 
much of this growth would have hap¬ 
pened anyway, Elizabeth Peele, Group 
Leader for the O.R.N.L. project, said 
at a conference on land use and nuclear 
facility siting sponsored by the Atomic 
Industrial Forum last summer. And 
“Plymouth’s unemployment rate re¬ 
mains among the highest in the state 
(14 to 22 per cent since 1969) as it has 
for many years,” said Ms. Peele. 

Waterford, Conn., enacted “restric¬ 
tive” zoning ordinances before con¬ 
struction of the Millstone Reactor be¬ 
gan, and its growth (11 per cent during 
the entire construction period) was less 
than that of its region. 

In both cases the major impact of 


The economic impact of a nuclear power 
plant on the community in which it is 
located is chiefly in the form of taxes: 
property tax income goes up and tax 
rates are stabilized. Residents' enthusiasm 
for nuclear plants built in Plymouth, 

Mass., and Waterford, Conn., is 
attributed by an O.R.N.L. survey team 
chiefly to this effect on residents’ 
pocketbooks. 


reactor construction was on assessed 
valuation and, therefore, income from 
taxation (see chart). Both communities 
chose to stabilize existing tax rates 
while using the new revenues “to sig¬ 
nificantly increase public services and 
facilities.” One exception: Plymouth 
elected to make a large capital expen¬ 
diture out of current income in 1972 


— hence the one-year tax-rate increase 
shown. 

Surveying residents’ views, the 
O.R.N.L. group asked, “Would you 
permit construction of the nuclear 
plant again?” Of 126 Plymouth resi¬ 
dents, 72 per cent said “yes”; and 94 
per cent of 182 Waterford residents 
gave the same answer. — J.M. 







Total assessed value: 

Published tax rale: 

-Waterford 

-Waterford 
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day-to-day basis, are usually on the payroll of the com¬ 
pany headquarters. These would include nuclear physi¬ 
cists and engineers who may be assigned temporarily to 
whichever plant or project requires their expertise, as well 
as technical and blue-collar personnel who perform the 
corrective non-routine maintenance occasionally re¬ 
quired. 

The annual refueling operation is not likely to be a 
source of significant local employment. Boston Edison 
Co., for example, contracts for refueling its Pilgrim Plant 
with General Electric Co., which brings in a group of 
some 40 shipfitters, riggers, and other specialized person¬ 
nel and arranges for help from a subcontractor who em¬ 
ploys about 80 shipfitters, riggers, pipefitters, and labor¬ 
ers; these are obtained from union hiring halls nearby. 

The logistics of keeping a nuclear plant operating in¬ 
volves frequent replacement of sophisticated instrumen¬ 
tation and equipment and replenishment of industrial 
gases. Local merchants usually cannot supply these goods 
in bulk at competitive prices. The lifeline between the 
plant and the industrial suppliers consists of trucks which 
haul the costly — but not bulky — products to the plant. 

The power generated goes out through extra-high- 
voltage transmission lines into the regional power grid. 
Regulatory bodies usually require that the price of power 
sold to distributing companies be based upon the average 
costs of all generating units contributing to the grid. Thus 
proximity to a generating unit is not a source of competi¬ 
tive advantage for power users near the generating plant. 

Few Losses Match Few Gains 

If plant operations do not appreciably stimulate the local 
economy, neither do they hurt it. Most residents of towns 
in which nuclear plants operate seem to be confident that 
the plants are safe, and they seem unconcerned about the 
Price-Anderson Act and its limitations on the power 
company’s liability for the consequences of major acci¬ 
dents. Land use in the immediate vicinity of a nuclear 
plant usually is the same as it was before plant construc¬ 
tion. 

Cooling systems of power plants affect aquatic life in 
many ways. The most dramatic have been the occasional 
kills of schools of young fish — chiefly anchovies on the 
West Coast and menhaden on the East. More important 
have been the routine, day-to-day impacts. The heated 
discharge water may cause organisms to spawn prema¬ 
turely, at times when food for the young may not be 
available. Organisms acclimated to life in the heated 
effluent may experience thermal shock when the plant is 
shut down for refueling or repairs. Organisms small 
enough to pass through intake screens are subjected to a 
variety of stresses including heat, mechanical injury, and 
biocidal additives. Combined stresses result in the 
mortality of virtually all entrained plankton. Fish and 
other organisms that swim into effluents to prey on in¬ 
jured organisms are themselves subjected to heat and 
additives. Although sportsmen fish with unusually great 
success in effluent flumes, commercial fish catches 
elsewhere may be decreased. 

A Dim View of Secondary Benefits 
The use of a site for a power plant limits but does not pre¬ 
clude other uses. The hydroelectric systems created by the 
Tennessee Valley Authority not only produce electricity 
but also control floods, create navigable waterways, im¬ 
prove public water supplies, and provide attractive lakes 


for boating, fishing, and other recreational activities. In 
addition, reservoir shorelands set aside for public use en¬ 
hance the local tourist and recreation industries. Simi¬ 
larly, nuclear power companies, as a part of their local 
public relations programs, normally encourage public use 
of a considerable part of the plant site, reserving only a 
few hundred acres for the plant proper. For example, the 
site of the Calvert Cliffs Plant in Maryland comprises 
1,135 acres, stretching along a 9,000-foot shoreline; the 
plant and associated equipment occupy only about 100 
acres of land and 2,000 feet of shoreline, and the public is 
allowed access to most of the rest. In these ways, nuclear 
plants contribute — if slightly — to the economy. 

Three principal problems arise in connection with pub¬ 
lic use. One is that access may have to be denied when 
construction projects are undertaken and entrance roads 
are preempted by heavy trucks. Another is that power 
companies cannot be assured that the costs involved will 
be considered a legitimate business expense by the regu¬ 
latory bodies that set rate structures. (In hydroelectric 
plants, such costs can be passed on to consumers because 
the Federal Power Act requires multiple use.) The third 
problem arises out of concern about the security of nu¬ 
clear power plants; to prevent terrorist attacks and 
sabotage, stringent security regulations not entirely com¬ 
patible w'ith public access are now being imposed. 

The potential uses of the waste heat from the cooling 
water may include applications to fish farming, open-field 
agriculture in which irrigation is required, and hothouse 
production of vegetables. Unfortunately the economic 
obstacles to these uses are overwhelming. The tempera¬ 
ture of nuclear-plant cooling water in a once-through sys¬ 
tem ranges from about 60° F. in the winter to 90° F. in the 
summer (slightly higher in a closed-cycle system), and 
there is no ready-made market for such lukewarm water. 
Nor are the prospects good for creating a significantly 
large one. An open-field farm one square mile in area 
would dispose of less than one per cent of the waste heat 
of a 1,000-megawatt reactor. Long interruptions of sup¬ 
ply might occur when reactors close down for refueling or 
repair. Farmers would need the heated water only at cer¬ 
tain times of year, and pipes and pumps would represent 
a prohibitively high initial investment. 

Tax Benefits: From Nil to Extravagant 
Nuclear power plants usually require little in the way of 
costly public services from the tax districts in which they 
are located. But since they constitute a sizeable propor¬ 
tion of the tax base, they may contribute greatly to local 
revenues. Whether or not they do so depends upon laws 
which differ greatly from state to state. The net difference 
between income and expenditure ranges from nil to 
enormous, as can be seen from the examples reviewed be¬ 
low. But tax laws are changing; there is pressure 
everywhere — perhaps stimulated by the extreme situa¬ 
tions created by the siting of nuclear power plants in 
small communities — to equalize the capacity of local 
governments to fund public services in general and 
schools in particular. These on-going changes make it 
difficult to predict future tax benefits. The potential reve¬ 
nue from property taxes has already been greatly reduced 
in most states by statutory exemptions of one or more of 
the following: nuclear fuel, industrial machinery, and 
equipment and structures related to safety or to lessening 
environmental impacts. 

The towns harboring the nuclear power plants at Peach 
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Bottom, Shippingport, and Goldsboro, Pennsylvania, re¬ 
ceive almost no tax benefits. Before 1970 Pennsylvania 
power plants were not subject to property taxes. In 1970 
plants became subject to a state property tax, an ar¬ 
rangement specifically designed to prevent windfall prof¬ 
its in areas which had a high concentration of public real¬ 
ty. The state distributes the revenue to all tax districts on 
the basis of the amount of tax revenue each township 
raises on its own behalf. 

In states served by the Tennessee Valley Authority, tax 
benefits may be minimal. The T.V.A., being an agency of 
the federal government, cannot be taxed by other units of 
government. But T.V.A. does make payments in lieu of 
taxes, and the construction of a new power plant tends to 
increase the amount of these. But these payments are 
made to states, not to the local units of government. Some 
states redistribute part of the T.V.A. payments to 
localities, but no such redistribution takes place — for 
example — in Alabama. Thus Limestone County, the site 
of the T.V.A.’s three-unit Browns Ferry Plant, receives no 
property tax revenue from the plant and no payments in 
lieu of taxes. Tennessee reimburses counties for “theoret¬ 
ical” taxes on land (only); the assessed value of the land 
in Smith and Trousdale Counties on which T.V.A.’s 
four-unit Hartsville Plant is to be built will be increased, 
and these counties will thus receive a small tax benefit. 

But in most states tax benefits are large. Wiscasset, 
Maine, a town of 2,300 population, has enjoyed such an 
impact. Construction of the Maine Yankee Station, a 
single-unit plant started in 1969 and finished in 1972, 
raised the town’s total municipal tax revenue from $0.6 
million to $2.2 million; in 1974 Maine Yankee was re¬ 
sponsible for about 85 per cent of the total property tax 
income of the town. This considerable tax benefit was not 
used to lower the tax rate but to improve the town. The 
fruits include a new primary school, an addition to the 
high school, a municipal garage, many sidewalks, an up¬ 
dated sewer system, some rebuilt streets, a new fire en¬ 
gine, an expanded Police Department, a new health cen¬ 
ter, and numerous projects designed to beautify the town. 
In addition, the revenue from the Maine Yankee Station 
has been used to keep Wiscasset’s tax rate low when that 
of nearby townships was rising. 

But the bonanza was soon tapped by the state govern¬ 
ment. On July 1, 1975, the state of Maine sought to 
equalize investments in public education in all towns in 
the state by providing funds at a uniform rate per pupil to 
all towns. This funding is obtained by assessing and tax¬ 
ing the value of all property in each town at a uniform 


rate. Wiscasset, because of its nuclear power plant, has 
the largest tax bill — $289,000 per month to be paid to 
the state — with the expectadon of receiving back only 
$250,000 once a year. 

Wisconsin’s tax law created an amusingly high tax 
benefit for the town of Two Creeks (population 600) as 
the Wisconsin Electric Power Co. built first a fossil-fuel 
plant and then a two-unit nuclear power plant there. Be¬ 
fore 1971 towns in Wisconsin could not tax the property 
of power companies but were entitled to a share of the 
proceeds of utility taxes levied on such property by the 
state. The revenue received by Two Creeks under this law 
rose from about $10,000 in 1967 to about $1.6 million in 
1971. Then the tax law was amended, with the result that 
the amount of shared revenue was $460,000, about four 
times the amount of the total town budget before the 
plants were built. Now Wisconsin’s Department of Reve¬ 
nue seeks a new amendment to equate the amount a town 
can receive from shared revenue on the utility tax with 
that which the town spends on services for the utility. 

Utility officials fear that legislation of this kind adopted 
by many states may reduce the incentive which potential 
tax benefits provide to public acceptance of new power 
plant construction. This would add to the already 
difficult and time-consuming process of acquiring sites 
and obtaining the necessary permits to build and operate 
plants. 

Other tax factors associated with nuclear plants are at 
best hard to estimate, because they are indirect and be¬ 
cause they vary from state to state. These include the sec¬ 
ondary effect of the plant through local sales and payroll 
taxes. 

Forecasts of future economic impacts must be qualified 
as speculative for many questions remain unanswered. 
We do not know what will happen to tax benefits when 
nuclear plants are decommissioned. Will the cost of deny¬ 
ing public access to entombed radioactive structures (for 
the 100 or more years considered necessary by the Nu¬ 
clear Regulatory Commission) become a burden upon 
local taxpayers? Will one generation of nuclear plants be 
replaced in the local tax base by succeeding generations 
on the same site, as has usually been the case with large 
fossil-fuel plants? If real or perceived improvements in 
nuclear plant safety permit locating future reactors nearer 
to cities, economic factors will change. Future amend¬ 
ments to property tax laws are another important but 
speculative matter. 

Though a completed nuclear plant has few strong link¬ 
ages with the local economy, host communities tend to 
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What happened to Plymouth, Mass., in the five years required for 
construction of Boston Edison's Pilgrim Station (left and below)? 
Not very much. Throughout the period of construction, 
unemployment remained a problem in Plymouth, and the local 
economy was only modestly stimulated bv the multi-million-dollar 
project. This was because the required skilled labor, not available 
in Plymouth, was drawn from the nearby metropolitan areas from 
which workers could commute, and because specialized 
materials were supplied directly to the site by large contractors not 
represented in Plymouth. (Photos: Boston Edison Co.) 


demonstrate long-term economic growth tied mainly to 
growing populations and hence to increasing demand for 
consumer goods and services. Several factors seem to be 
at work here, and it is hard to know how each should be 
evaluated. 

In some tax districts having nuclear plants, populaton 
growth has been accelerated by real estate developers 
who recognize that the combination of low property 
taxes and good public services will be attractive to pro¬ 
spective buyers; thus the plant indirectly becomes a 
source of growth in population, town services, and com¬ 
merce. 

Three criteria for nuclear plant site selection operate to 
bias the choice toward smaller towns and even villages, 
many of which have considerable potential as “bedroom” 
towns for commuters, as retirement communities for the 
elderly, and as vacation resorts. These criteria are that the 
site be not too near nor yet too far from a population cen¬ 
ter (that is, from a load center of the regional power grid), 
that the site adjoin some large body of cooling water, that 
there be ample vacant land, and that it will be accessible 
from some major highway. Thus much growth might 
have taken place without any impetus from the nuclear 
plant. 
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Making Products 

Industrial societies use and discard goods at an enormous 
rate. Seldom are goods completely consumed during use. 
As our rate of consumption and discard has mounted, so 
have fears that we are exhausting our natural resources, 
creating an overwhelming flood of solid wastes and caus¬ 
ing harm to our environment and our economy. 

Until now, we have depended upon technology to res¬ 
cue us from materials depletion by providing larger, more 
efficient machines to extract materials from leaner ores in 
ever more remote locations. The capital-intensive 
technologies that have evolved, however, themselves use 
prodigious amounts of energy, and rising energy costs 
will undoubtedly cause an escalation of materials prices. 

Recycling has proven modestly successful in reclaiming 
energy and materials, but recycling does nothing to re¬ 
duce the steadily increasing volume of solid waste. 
Further, the total social cost of waste collection and re¬ 
cycling is far greater than the total value of the materials 
and energy that are reclaimed. 

Product discard involves another form of economic 
loss. There will always be a very great gap between the 
market value of a manufactured product and the mate¬ 
rials in it that are recoverable as scrap. Whether the item 
is a non-reusable beer bottle or the refrigerator that cools 
it, the scrap value of its materials is only a small percent¬ 
age of the value of the item “in its prime.” The difference 
is in the value added — the labor and overhead costs of 
making and distributing the product. 

This immense value-added gap holds the promise for 
economic gains from strategies that would either prolong 
the useful life of a product or find some intermediate 
levels of use that preserve much of the original value and 
delay the time when the product sinks to its scrap value. 

A policy of increasing product life through either of 
these approaches would complement recycling — increas¬ 
ing consumer real income, reducing demand for re¬ 
sources, and lessening solid waste and its environmental 
impacts. 

In 1973, the Center for Policy Alternatives at M.l.T. 
began a major study on life-cycle costs of appliances such 
as refrigerators, dishwashers, freezers, washing machines, 
dryers, television sets, and ranges. The concept of life- 


Discarding an appliance or other such product wastes a 
considerable amount of value-added in constructing it. 
Manufacturing a product so that it could be refurbished, or so that 
its components would be longer-lived could preserve some of this 
value. (Drawing by Jon McIntosh) 


Everybody talks about recycling to save 
resources. But another strategy might 
be to make products longer-lived in the 
first place. The case of household 
appliances shows the social and 
technical problems 


Live Longer 

cycle cost included the costs of product acquisition, 
operating, servicing and disposal of the appliances. We 
concluded that both the recovery of resources from 
appliance discards and the extension of product life had 
potential value, and recommended further study of these 
areas. This article describes some preliminary investiga¬ 
tions following that study, using major household 
appliances as a case in point. 

The 2.2 million tons of appliances and 0.5 million tons 
of television sets discarded in the U.S. each year represent 
only about 1 per cent of the total municipal solid waste 
produced. However, we considered it appropriate to 
study this product category for the study because 
appliances have many characteristics in common with a 
larger variety of products — automobiles, housewares, 
tools, agricultural implements, commercial equipment 
and industrial machinery. Like these products, appliances 
have high initial value, a significant portion of which is 
value added (labor, energy, cost of capital). They are as¬ 
semblies of parts, most of which can be replaced if they 
break or wear out. They often can be disassembled to the 
subassembly stage without damaging the subassembly, 
and even at time of discard will contain parts and subas¬ 
semblies still in good working condition. All are durable 
goods, that is, they are expected to perform their 
functions over an extended period of time. They have a 
product life, in contrast to the single-use, throw-away 
items in our economy, such as packaging materials, 
newspapers or food. Thus, what we learn about the lives 
of appliances may apply to a wider array of products. 

A first step in determining whether it would be worth¬ 
while to build longer-lasting appliances, is to learn about 
the costs associated with appliances over their lifetimes. It 
turns out this is no easy matter. 

Life-cycle Costs 

In the business world it is common practice to evaluate 
capital machinery investments in terms of total expected 
costs over the probable life of the equipment. However, 
this approach has only recently become preferred in gov¬ 
ernment procurement, and is not used at all by the aver¬ 
age consumer. In the consumer’s case, the problem has 
been lack of pre-purchase information. The consumer has 
not been able to appraise the complete life-cycle costs of 
his contemplated investment because, out of the array of 
costs implicit in his purchase decision, only the purchase 
price is available to him. Furthermore, the number of 
years that a product can be expected to last could be 
known only through experience. 
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The scrap value of a manufactured item is only a small percentage 
of the item in its prime. Longer-lasting appliances and other 
products would preserve some labor and production value (from 
Sullivan, et al., 1973; material weights given in Harwood, 1974). 


The 1973-74 study at M.I.T. presented, for the first 
time, a comprehensive “buyer’s-eye view” of the life-cycle 
costs of two major household items — refrigerators and 
color television sets. The study revealed that, for both 
appliances, future costs did represent a significant frac¬ 
tion of the consumer’s total commitment, even when 
those costs were discounted to present value. Energy costs 
for refrigerators, for instance, constituted 58 per cent of 
the total life-cycle costs, even at 1972 pre-energy crisis 
rates. For television sets, the largest future cost was serv¬ 
ice and repair, at 35 per cent of total life-cycle cost. 

Over the years there had been an encouraging down¬ 
ward trend in all the costs for television sets. Product de¬ 
sign changes such as solid state circuitry had produced 
lower initial purchase prices, lower power consumption 
and higher reliability. For refrigerators, however, power 
costs were rising, counter to the other cost trends. This 
led to an appraisal of current refrigerator design and the 
finding that energy consumption could be reduced by as 
much as 50 per cent without eliminating most of the de¬ 
sirable features of present-day units ( see Technology Re¬ 
view, January, 1 976, p. 76). 

Life-cycle costs have proved to be effective as a re¬ 
search tool in locating diseconomies in the consumer 
goods sector. It remains to be seen, however, whether this 
technique or some derivative of it can be shifted from 
being a research tool into everyday use by the average 
consumer. 

The Product Life Puzzle 

An appliance’s lifespan is, of course, a critical measure¬ 
ment, for life-cycle costing and determining the rate of 
appliance discard. Data sources are scarce. We are aware 
of only four studies on the subject in the past 20 years — 
a 1957 study by Battelle Memorial Institute, a 1967 study 
by the Department of Agriculture, a 1970 study by an 
appliance manufacturer, and a 1972 study by the De¬ 
partment of Agriculture. Results of the latter three 
studies, which used similar methodologies, are shown on 
the opposite page. 

These studies indicate that there has been little change 
in service lives of new products, at least over the 15-year 
period bracketed by the three studies. Between the two 
most nearly comparable studies, the 1967 and 1972 De¬ 
partment of Agriculture surveys, the trend, if any, seems 
to be in the direction of shorter product life. Appliance 
manufacturers have generally not conducted product life 
studies. If they have, they have not published the results. 
They are concerned, and probably rightly so, that the 



Retail 
value, new 
(dollars) 

Market value of 
recovered materials 
(dollars) 

Per cent 
of retail 
value 

Cooking range 

300 

2.88‘ 

096 

Refrigerator 

450 

8.75- 

1.94 

Dishwasher 

275 

3.50- 

1.27 

Clothes washer 

275 

5.92- 

2.15 

Clothes dryer 

175 

2.72' 

1.55 

Beer bottles 
(empty) 

.032 

.0024- 

7.5 

Automobile 

4.000 

o 

CD 

1.5 

" Sullivan, et al 1973 

t Based on materials weights given in Harwood, 1974 


consumer would misconstrue a life expectancy figure to 
mean that he is assured of at least that many years of life 
from his appliance. 

From a technical point of view, there is no question 
that longer-lasting appliances could be made; this is freely 
agreed upon by the manufacturers. There are two 
technical approaches to this end. First, each component 
of an appliance could be designed for maximum durabil¬ 
ity: materials would be selected for wear and corrosion- 
resistance; gear trains would replace rubber belts and pul¬ 
leys; sensitive parts would be sealed from the atmo¬ 
sphere; and circuits would be made more tolerant of am¬ 
bient variations in humidity, altitude, line voltage and 
human error. 

Or, appliances could be built in which everything is 
easily and economically repaired. Even cosmetic items 
such as exterior panels, doors and trim would be renewa¬ 
ble or replaceable, so appearance could be maintained as 
readily as operating effectiveness. Costs of replacement 
parts or service labor could be reduced considerably by 
greater use of modular components and more stan¬ 
dardization of parts between models or even between 
parts. 

One variation of this second approach is to make the 
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Three studies of appliance lifetimes show virtually no change in the 
service lives of new appliances, at least in the time period between 
the studies. In the two Department of Agriculture studies, the 
expected service life figures represent life expectancies from age 
zero, similar to those obtained from life-expectancy tables. Data 
were collected only for appliances under one owner. (The 
1957-1961 study was conducted by Pennock and Jaeger, and the 
1972 study by Ruffin and Tippett — see Suggested Readings.) 



1957-61" 
(Dept, of 
Agric.) 

1970" 

(Mfrs. 

Study) 

1972’ 

(Dept, of 
Agric.) 

Room airconditioners 

— 

12 

— 

Ranges: electric 

16 

16 

12 

gas 

16 

13 

Freezers 

15 

18 

20 

Refrigerators 

16 

15 

15 

Dishwashers 

— 

10 

11 

Clothes washers 

10-11 

10 

11 

Clothes dryers: 




electric 

14 

12 

14 

gas 

12 

13 

TV sets: black and white 

11 

_ 

11 

color 

— 

— 

12 

• Date of data 


appliance readily remanufacturable. A worn-out 
appliance could leave its original owner to be reprocessed 
and sold again as a “like-new” appliance to another cus¬ 
tomer. Such reprocessing would maintain most of the 
original value of the appliance and save it from discard. 

Of course, the alternatives of designing for durability 
and for repairability might both be used for different 
parts of the same appliance. Where replacement is im¬ 
practical, as with the basic chassis of an appliance, parts 
could be designed for maximum life. Where replacement 
is feasible, as with motors or transmissions, a trade-off 
situation would arise between maximum durability of 
parts and shorter-lived, but easily replaceable parts. 
Manufacturers would adopt different strategies depend¬ 
ing on the nature of their product, the market sector they 
wish to reach, and the extent to which they control serv¬ 
ice facilities. 

Although, technically, appliances could be made to be 
more durable through improved product design, indica¬ 
tions are that product durability does not govern the life 
of consumer durables. In fact, there is evidence that to¬ 
day’s appliances may be more durable than their pred¬ 
ecessors, even though they are not longer-lived. The 
M.I.T. study showed that the reliability of both re¬ 


frigerators and color television receivers had improved 
significantly in the recent past. First-year service incidence 
(frequency of need for repair service) for refrigerators de¬ 
clined 50 percent in a 14-year period from 1958 to 1972. 
The service incidence rate for television sets declined over 
50 per cent in only eight years, between 1965 and 1972. 

Logically, increases in reliability of a product usually 
imply increases in its durability, and increased durability 
should mean increased product life. But in the appliance 
industry this has not been so. Products are being dis¬ 
carded that still function or that could be repaired, indic¬ 
ating clearly that factors other than durability are affect¬ 
ing consumer decisions to discard appliances. The same 
has been suggested for automobiles. While we do not yet 
understand these factors and the degree of their influence, 
they must be considered if policies are to be developed to 
encourage longer product life. Among the factors that 
may influence consumer behavior are: 

— Rising service costs relative to new appliance prices. 
The appliance manufacturing industry is justifiably proud 
of its record of price stability in the face of rising costs. 
Between 1955 and 1973 consumer prices for appliances, 
radios and television sets declined 17 per cent, counter to 
the trend in the overall consumer price index, which rose 
66 per cent in the same period. The cost of household re¬ 
pair services, on the other hand, rose 106 per cent in the 
17 years from 1956 to 1973. 

The decreasing differential between purchase costs and 
maintenance costs may help explain the absence of any 
improvement in appliance service life. Owners who face 
the prospect of repairing an appliance find it more attrac¬ 
tive to buy a replacement than to spend an appreciable 
fraction of that purchase price in repairing the old unit. 

— The effects of consumer affluence. With people’s in¬ 
come rising and appliance prices remaining constant or 
falling, there has undoubtedly been some upgrading of 
appliances in many American homes. Larger re¬ 
frigerators, color TV replacing black-and-white, self¬ 
cleaning ovens replacing manual-clean ranges and other 
such changes have stimulated the appliance market and 
kept product lives shorter than might have been possible. 

— Weak used appliance market. In contrast to the used 
car market, there is only a modest organized used 
appliance market. The used car market has both 
wholesalers and retailers. Autos are transferred from 
dealer to dealer, from market-surplus areas to market- 
demand areas, but appliances remain in the community 
where purchased or traded in, and there is virtually no 
organization of the market. The proportion of sales in- 
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volving a trade-in varies with the appliance. The fraction 
of these which are junked also varies. Only 3 per cent of 
dishwashers survive a trade-in, whereas over half of tele¬ 
vision sets traded in are restored to use. Appliance mar¬ 
keting data indicates a generally declining trend in resale 
of trade-ins. 

— Population mobility, a fact of life in America, causes 
appliance turnover, with many appliances falling victim 
to home remodeling and/or differences in owner prefer¬ 
ences. 

— Appearance may be a factor where the scratched, 
worn, or out-of-style exterior is a cause of “death” even 
when the unit is functioning perfectly well. 

— Unavailability of replacement parts for an older 
appliance is undoubtedly a cause for discard in many in¬ 
stances. Suppliers find it uneconomic to carry stocks of 
parts for many years, especially when the parts are pecu¬ 
liar to a specific model. 

All of these reasons may combine with technical prob¬ 
lems in appliances to cause premature discard. In effect, 
these are the obstacles to be overcome if increased prod¬ 
uct life is to be possible. 

Longer Appliance Life: Good News ... 

If, by 1980, we could increase the service-life expectancy 
of all appliances by one-third, the benefits would be con¬ 
siderable, but there would also be penalties. 

The largest single economic benefit would be the poten¬ 
tial reduction in annual consumer expenditures for new 
appliance purchases. A one-third longer life means a 25 
per cent reduction in the number of appliances purchased 
each year. The potential saving in 1980, assuming that 
expenditures for appliances would otherwise follow his¬ 
torical growth patterns, is 4.5 billion dollars. 

A second social benefit would be the potential reduc¬ 
tion by 25 per cent in the annual volume of appliance dis¬ 
cards. By 1980 the total appliance discard rate may reach 
nearly 6 million tons annually. A saving of 1.5 million 
tons of solid waste would save upwards of S35 million a 
year in municipal waste collection costs alone. Of course 
there would be non-tangible environmental benefits in 
waste reduction, such as fewer unsightly dumps, as well. 

A lower demand on resources is the third major benefit 
of a one-third longer appliance life-span. To the extent 
that consumer savings from increased product life are not 
channeled into other goods purchased, a reduction in re¬ 
source use would result. On the basis of current usage 
rates per unit and expected 1980 sales volumes, a one- 
third longer appliance life-span could reduce steel use by 


about 1.1 million tons; copper by 70,000 tons; and 
aluminum by 35,000 tons. 

These are potential savings, however, and they may not 
be completely realizable. Longer product life may require 
the use of more materials per unit, thus nullifying to some 
extent the reduction in resource demand. This would also 
tend to increase prices of appliances, cutting the antici¬ 
pated expenditure savings to the consumer. As we have 
said, however, non-technical reasons may govern the 
length of product life. Whether the savings are obtained 
thus depends on the approaches taken to increase product 
life, and these, in turn, depend on the incentives society 
offers to accomplish the objective. 

.... And Bad News 

There may be adverse effects from an extension of 
product life as well. A 25 per cent reduction in appliance 
replacement buying might cause an actual drop in pro¬ 
duction output, resulting in unemployment and lower 
profits. However, the projected rate of new household 
formations promises to sustain a growth in demand for 
appliances for more than a decade. This new demand 
might offset the decline in the replacement market, and 
thereby ease the effects of lower replacement buying. In 
the long-term, annual sales of appliances will be lower 
than if product life remained constant. Whether this is a 
good or bad effect is a matter of debate for economic 
philosophers. 

Increasing product life, some claim, will slow down the 
adoption of technological innovations. For very new 
products, this would perhaps be a serious consideration. 
However, for mature products such as refrigerators or 
washing machines the rate of innovation has already 
slowed. Beneath the exterior trim of many of these prod¬ 
ucts are gear trains, compressor systems, and other 
mechanisms that have remained essentially unchanged in 
design for 20 to 25 years. In a world where markets for 
goods are expanding internationally, the reduction in the 
replacement market in a few countries should not be 
sufficient to stifle industrial creativity. Also, the level of 
annual demand for any of the major appliances would be 
in the millions even with a 33 per cent increase in product 
life. Competition between firms for shares of that market 
would continue to stimulate and reward innovation. 

Changing consumer buying practice could be the key to 
accomplishing longer product life and with reasonable 
speed. If the problem were solely one of product durabil¬ 
ity, it might take 15 or 20 years before existing popula¬ 
tions of appliances were replaced by more durable 
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Building longer-lived appliances might 
reduce the flow of solid waste and 
shrink the nation’s junkheaps, but it 
might also slow the production lines 


models. If the problem were only consumer attitude, 
however, the change could be rapid. During World War 
II, for instance, the service-lives of all consumer equip¬ 
ment had to be extended indefinitely. There were no re¬ 
placement appliances, and the average age of consumer 
durables climbed. In 1941 before the U.S. entered World 
War II, the average age of an automobile in the U.S. was 
5.5 years. By the end of the war in 1946 it was 9.0 years. 
It took until 1957 for the average age of automobiles to 
return to the pre-war level. A mild reversal in the declin¬ 
ing average age of passenger cars appears to be occurring 
at present because the energy crisis, inflation and reces¬ 
sion seem to have induced consumers to hold onto their 
cars longer. 

What We Must Know 

Our current understanding of the forces governing prod¬ 
uct life is so rudimentary that it is premature to develop 
comprehensive policy recommendations. We need to 
study several areas to gain a clearer idea of the possible 
outcomes of the various alternatives. These include: 

— Reasons for product discard and the relative number 
of discards for each appliance. Information about why 
consumers discard products can give insight into the 
question of appliance durability versus consumer at¬ 
titude, and will help determine where to put emphasis in 
setting policy. Such motivational studies should probably 
be combined with a demographic analysis of what type of 
household unit discards appliances at what age. 

— Service incidence rates for appliances over their entire 
lives. No information exists on the actual rates of 
appliance failure over the full life of any of the consumer 
durable products as they are used in normal households. 
The only relevant data are from early product life during 
the warranty period. As shown on page 54 a typical curve 
of reliability experience indicates a high initial incidence 
of failure — due largely to materials and manufacturing 
defects — followed by a lower constant level of failure 
due to stress or time-related causes, and, finally, a rising 
level of failures due to wear-out or fatigue. If we knew the 
actual shape of service incidence curves for appliances we 
could identify the stage in the life of an appliance where it 
is economically infeasible to continue to repair the unit 
by calling in a serviceman. This point would be the end of 
the economic life of the product. 

— The nature of second-hand equipment markets and of 
used parts markets. A comparison between the used 
appliance market and the used car market would indicate 
whether a more vigorous used appliance and used parts 
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market would be possible, and whether changes in policy 
would be effective in promoting such a market. 

— Appliance remanufacturing. Rebuilt engines, car¬ 
buretors, fuel pumps, and generators are commonly 
available for U.S. automobiles. It is conceivable that gear- 
case assemblies, water pumps, motors, timers, and other 
subassemblies of appliances could be rebuilt and sold as 
replacement units. This might reduce the cost of repairing 
an appliance failure, because a trade-in allowance could 
be given for the defective unit returning for rebuilding. 
One major television manufacturer already maintains a 
production line for remanufacturing circuit modules that 
have been returned from the field. Alternatively, entire 
appliances might be remanufactured and resold. The 
logistics of systems for rebuilding appliances and compo¬ 
nents should be explored. 

— Economic consequences of longer product life. The 
potential savings described in this paper are very tentative 
figures, and the social and economic costs have not been 
estimated. If product changes are necessary for longer 
product life, for instance, prices of appliances might be 
higher, and savings to the consumer would be reduced. 
Effects on employment and industrial income must also 
be studied. 

A First Shot at Policies 

While our knowledge is limited, we can at least speculate 
on the types of public policy that might be effective in 
promoting longer consumer product life. 

One strategy would be to reduce the cost of appliance 
repair, so the consumer is more inclined to repair an 
appliance than to discard it. Encouraging companies to 
produce more easily serviced products, or inviting more 
competition in the aftermarket for replacement parts 
might accomplish this. One approach at the consumer 
level might be to allow taxpayers to deduct the cost of 
appliance repairs from their taxable income. 

A second possible direction for policy application is to 
reduce servicing costs relative to purchase costs. In addi¬ 
tion to the approaches described in the preceding section, 
it would be possible to increase new appliance prices 
without causing higher servicing costs. Prepayment of the 
social costs of collection and disposal of an appliance — 
in the form of a tax on the new appliance — is one such 
approach. A disposal cost assessment to the customer at 
the time of discard would serve a similar purpose. 

A third area for policy development is in encouraging 
remanufacturing. This could mean technical assistance, 
government-guaranteed financing or public subsidies of 



The typical curve of failure rates of new appliances shows a high 
initial failure rate — due to materials and manufacturing defects — 
followed by a lower rate due to stress, then an increasing rate due 
to wear-out. 


the new enterprises. One form of subsidy might be to use 
municipal waste collection facilities as a means of as¬ 
sembling discarded appliances for remanufacturing. 

Reducing the uncertainty of future repair expense 
through some form of extended service contract would 
encourage consumers to continue repairing appliances 
when they fail. The service contract would perform an 
insurance-like function to reduce the impact of major re¬ 
pair expense. The occurrence of failure in an appliance is 
an uncertain event. When several failures occur in the 
same appliance within a fairly short time, the consumer is 
likely to believe that the appliance is wearing out and that 
frequent repairs are ahead, even when the appliance has 
many years of useful life remaining. Service contracts 
would tend to minimize the risk of keeping an appliance 
that seems failure-prone. 

We could also take steps to ensure a continuation of 
parts supplies even for older appliances. The cost to man¬ 
ufacturers of carrying parts inventories for long periods is 
very large — between 20 and 30 per cent of the value of 
the inventory per year. Making a part or small batches of 
parts is also prohibitively expensive. A policy which per¬ 
mitted firms to write off older parts without destroying 
them would reduce this carrying cost significantly and 


54 Technology Review, January 1977 




would enable the firm to recover part of the investment 
through reduction of income taxes. 

And, finally, consumer information and education 
would enable consumers to make wise economic de¬ 
cisions in buying and using appliances. Making life-cycle 
cost information freely available in understandable, use¬ 
ful forms would give the public a basis for more conserva¬ 
tive buying. Better instruction in operating and maintain¬ 
ing appliances is another public service that would tend 
to prolong appliance life. 

While we advocate policies to lengthen product life, we 
do not recommend that development of recycling tech¬ 
niques should be diminished or halted, or that policy 
changes favoring recycling be abandoned. Products even¬ 
tually will wear out, either in part or in whole, and will 
have to be discarded. At that point, the recovery of the 
residual material value becomes important. Recycling, 
when considered as a system that includes collection 
costs, still is a cost-absorbing system. Techniques and 
policies that put recycling on a better economic footing 
are necessary. We are suggesting here that extending 
product life is also important and that this area, too, can 
bring economic and environmental benefits. 
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A fascinating mix of intermediate 
technology vehicles has evolved to fit 
the transportation needs of Southeast 
Asians. Perhaps we can learn from their 
discoveries 



An Indian tricycle driver has to contend, not only with a grueling 
job, but with extremes of weather from hot, dusty roads in the 
summer to flooded thoroughfares during the monsoon season. It 
might seem logical that Indian vehicles would have been adapted 
to such vagaries of climate and use, but logic is often far down the 


list of priorities for Indian transport, or for transport throughout 
Southeast Asia. In his travels, the author has uncovered some of 
the fascinating mechanisms behind Asian transport evolution. 
(Photo: Stock, Boston) 
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The streets of Southeast Asia are more than channels of 
transport. They are active centers of commerce and social 
interaction; the streets serve as residents’ living rooms, 
kitchens, and sometimes bedrooms. Businesses use the 
streets as offices and warehouses. When water is scarce, 
the gutters may act as baths, laundries and sewers. 
Peddlers and tradesmen, offering an incredible variety of 
goods and services, fill the streets with their wares and 
calls for customers. Some are firmly established at profit¬ 
able intersections; others move slowly along through the 
crowds. 

Almost miraculously, traffic also flows through these 
streets. The most striking feature of this traffic is its vari¬ 
ety — animals, pedestrians, and vehicles with two, three, 
or four wheels all jockey for passage through the choked 
thoroughfares. Closer examination reveals a method to 
the transportation madness, for each vehicle appears to 
serve a specific function in the transportation mix. Trans¬ 
portation engineers, or engineers in general, should not 
be surprised by this technological evolution to meet spe¬ 
cial requirements. However, the curious socially induced 
differences in the traffic mixtures between cities, even 
within the same country, are particularly intriguing. 

The differences are not so much found in cars, buses or 
trucks — which are all of western design and scarcely 
change from country to country — but among the 
smaller, more primitive vehicles. It is upon the carts, bicy¬ 
cles, tricycles, motorcycles, motorized three-wheelers, 
and minibuses that the differing cultures exert their 
influence, constrained by economics and technology. 

Transportation is perhaps even more vital in Southeast 
Asia than in the West. Telephones, postal services, and 
other communications facilities are notoriously unreli¬ 
able, so the personal encounter is all-important to social 
and business interaction. Because personal trips are so 
frequent and necessary, the vehicles must be especially 
economic, using as few scarce resources as possible and 
depending primarily on the one resource plentiful in the 
area — human labor. It is especially surprising then, that 
the vehicles in South Asian cities have such a great varia¬ 
tion in efficiencies. Even the most fundamental form of 
transportation of goods — carrying them on foot — var¬ 
ies from place to place. For instance, in Korea, goods are 
carried on the back using a wooden frame, but in In¬ 
dochina, the load is divided into two parts, hung from the 
ends of a split bamboo pole, then balanced across the 
shoulder. 

The bicycle is the most basic intermediate technology 
vehicle. In my travels over Southeast Asia I was amazed at 


the differences among countries in the speed and effec¬ 
tiveness of their bicycles. For example, once the Saigon 
government banned importation of motorcycles in the 
1960 s because of the economic crisis, bicycles with 
sturdy, simple frames began to evolve. Extra seats over 
the rear wheels allowed transportation of both people 
and freight. Small-wheeled bicycles with low frames were 
especially suitable for new or elderly riders. The Saigon 
bicycles were designed in sophisticated Saigon shop in¬ 
dustries, which had turned from motorcycle maintenance 
and reconditioning. In fact, after the fall of South 
Vietnam, it was reported that Saigon bicycles spread 
rapidly north to Hanoi, where they contrasted sharply 
with the staid, simpler North Vietnamese bicycle. 

The rapid adaptation of the effective Vietnamese bicy¬ 
cle was successful because of the economic need for it in 
the collapsing economy, and its ease of use by all kinds of 
people. The open structure of the society also encouraged 
bicycle use, because there were no social taboos against 
women or the elderly riding bicycles. Also, a traffic law 
designed to protect motorcyclists from automobiles be¬ 
nefited bicyclists. By this law, large yields to small, so 
when bicycles came on the scene they inherited a legal ad¬ 
vantage over all the other vehicles. 

The effective, rapid evolution of the bicycle in Saigon 
contrasts sharply with the virtual stagnation of design in 
India. The Indian bicycle in use today is identical to that 
used generations ago, which, in turn, was an imitation of 
the standard English model of the earlier era. 

This slavish imitation is remarkable when one consid¬ 
ers the sharp difference in the bicycle’s function between 
the two countries. The English bicycle was designed to 
carry one person and move quickly on a paved road. 
Moreover, careful maintenance was expected. In con¬ 
trast, an Indian bicycle must carry one, two, or possibly 
more persons, and sometimes a substantial amount of 
goods as well. Indian roads are often poor, and bicycle 
maintenance is minimal. In the summer, the roads get so 
hot that tire patches fail. The dust finds its way into every 
moving part, hastening deterioration. During the 
monsoon, bicycles are ridden on roads that resemble riv¬ 
ers. The greatest contrast between England and India, 
however, is in the attitudes of the riders toward their 
bicycling. In England the bicycle was a means of trans¬ 
portation much more rapid than walking; in India the ob¬ 
ject is to reach the destination quickly, but more im¬ 
portantly, to maintain a lower level of exertion. Thus, 
while Indian bicycle traffic seems to move more slowly, it 
is still a highly efficient mode of transportation for In- 
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dians, when considered in terms of conservation of 
energy, and the low value on time. 

The Indian bicycle has not been redesigned to enhance 
its energy efficiency, ease of maintenance, or cargo¬ 
carrying ability, in large part because of India’s strong so¬ 
cial divisions. First of all, bicycle repairs are almost never 
done by the riders, but by repairmen of very low social 
status. These repairmen have established themselves 
along the major urban bicycle corridors, or simply under 
convenient shady trees. They own just enough tools to 
repair the most common malfunctions. Such a social 
taboo rules out any change in bicycle design which might 
enable the rider to repair his own vehicle. For instance, 
exchanging the currently used hex nut on the rear axle for 
a butterfly nut would enable the rider to tighten his own 
chain without tools (chain slackening is the most com¬ 
mon malfunction on the Indian bicycle). However, such 
innovation is unlikely. 

Similarly, bicycle designs with smaller wheels and a 
smaller frame will be slow to appear in India, for they 
would allow women in their saris to ride bicycles. Cur¬ 
rently, most women are restricted to riding side-saddle as 
passengers on the luggage rack over the rear wheel. Inno¬ 
vations offered by organizations such as the Indian Insti¬ 
tute of Design will almost certainly be stymied by conser¬ 
vatism and social prohibitions. 

Of course, bicycles are by no means merely passenger 
carriers in the East. The luggage racks on Asian bicycles 
often carry up to 50 kilograms of goods strapped clumsily 
on the back. Jugs of milk, packages of food, and other 
perishables of high value are delivered rapidly by bicycles. 
Bakeries often use bicycles with large, wooden bread- 
boxes attached. 

Three is Better Than Two 

The most widely-used human-powered freight-carriers in 
Southeast Asia are the tricycles, perhaps the most fas¬ 
cinating form of intermediate transport. The pedal tricy¬ 
cle, alternatively known as the becak, cycle-rickshaw or 
pedicab, is always manufactured locally, and rarely ex¬ 
ported outside the city of its manufacture. Tricycle “fac¬ 
tories” are small shops, employing only a few persons. 
Families often pass, the trade from generation to genera¬ 
tion. Locally available materials and parts are used as 
much as possible; hence, standard bicycle frames and 
wood usually constitute the tricycle base. Welding is an 
important technology, but machine tools are rarely used. 
Considering the similarity of basic materials and the cost 
restraints throughout Southeast Asia, the wide variation 



A tricycle driver takes a midday nap. Driving a tricycle is 
exhausting work, requiring at least an extra 1,000 calories a day. 
Most of the time a tricycle driver earns enough money — though 
never more than a few dollars per day — to buy enough food to 
maintain his high caloric requirements. (Photos: Alan K. Meier) 


in both appearance and efficiency is surprising. 

Tricyclists can carry up to 175 kilograms for level dis¬ 
tances up to several kilometers. This capacity and dis¬ 
tance depends greatly, of course, on the efficiency of de¬ 
sign and the level of maintenance. The three fundamen¬ 
tally different tricycle designs place the driver either in 
front of the cargo or passengers, behind them, or the load 
on a side-car. In the driver-in-front tricycle, steering re¬ 
mains as on a regular bicycle, with power transmitted via 
a long chain to the two rear wheels. The driver-in-rear 
configuration features two front wheels, with power sup¬ 
plied to a single rear wheel. Steering is accomplished by 
turning the entire front compartment. 

Each design has its own advantages and disadvantages. 
The driver-in-front design, used mostly in India, is lighter 
and easier to pedal and steer. However, side-car and 
driver-in-rear design, found in Indonesia, Malaysia, and 
Vietnam, can carry heavier loads, because power is 
transmitted more directly. 

The importance of tricycles in the urban transport mix 
of Southeast Asian cities varies immensely. In the largest 
cities, they must compete with motor traffic and contend 
with an unsympathetic government administration which 
often discourages their use because they are “inhumane” 
or “a hazard to traffic.” (Usually the government really 
means that the tricycles are a hazard to the autos belong¬ 
ing to the wealthy.) But government policies are not 
always effective in limiting the tricycles. In the city of 
Jakarta, Indonesia, about three times as many becaks run 
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An Indian bicycle repairman awaits a customer. He is probably 
wealthier than average, for it appears that he rents out the tricycle 
behind him. He is also well-located on a major thoroughfare, no 
doubt paying some sort of protection for the privilege. 


the streets as legal government licenses for them have 
been issued. The owners duplicate their licenses so as to 
run more than one vehicle. As a result of such large-city 
constraints, the tricycle is usually more important in the 
smaller cities. 

Of all the tricycles, the Malaysian-type manufactured 
in Penang appears to be the most successful. These sturdy 
vehicles, some of which have lasted over 20 years, are 
used primarily to carry freight and serve as vehicles for 
food vendors. Stores own fleets of tricycles to make de¬ 
liveries, and entire restaurants-on-wheels, complete with 
seating and kitchens, are operated from the front com¬ 
partments of some vehicles. Freight-carrying will proba¬ 
bly continue to be the forte of tricycles, for they can 
negotiate narrow city streets better than almost any 
motor vehicles, yet carry almost as much freight. The 
freight tricycle is still evolving, with gear ratios slowly 
dropping, and new, smaller wheels appearing (from 
motorcycles) to improve capacity and smooth the ride. 
Passenger tricycles, however, have all but disappeared 
due to competition from motor vehicles. One of the few 
remaining passenger functions of the tricycles is to trans¬ 
port small children to and from school. 

Motors for Muscle 

As a city’s economy improves its technology advances, 
and motor transport almost invariably comes into wide 
use. The smallest motor vehicle in Southeast Asia is the 
“mo-ped” — a reinforced bicycle with a small gasoline 


engine attached. The engine is usually less than 50 cc. and 
usually produces less than two horsepower. The driver of 
a mo-ped can pedal, motor, or do both. Although a 
passenger or freight can be carried on the back, the motor 
must really strain, and often sputters to a halt if it is even 
a bit out of tune. The real center of current mo-ped activ¬ 
ity is in India, where it is a vehicle of the upper classes. It 
is hoped that the mo-ped will soon be drafted to haul 
freight, pull two-wheeled carts, or be cannibalized to 
provide tricycle engines as they have been in Indochina. 

With the addition of 20 cc. or so to its engine displace¬ 
ment, the mo-ped becomes a motorcycle, and can func¬ 
tion as an excellent passenger and freight carrier. For 
example, in Vietnam, entire families of up to six people 
ride on a single 50 cc. motorcycle. 

The technological evolution of a city to support 
motorcycles means not only a growth of repair facilities, 
etc., but also the improvement of roads. Potholes slow the 
motorcycles to bicycle speeds and shorten the life of the 
more expensive vehicle. In the Fiji Islands, the 
motorcycle’s popularity skyrocketed when roads were 
paved. So quickly did the boom develop that some mem¬ 
bers of the motorcycle gang in Lautoka still rode 
motorcycles with a learner’s “L” on their plates! Surpris¬ 
ingly, the wet weather of Southeast Asia plays a very 
minor role in motorcycle use, and the riders always seem 
to triumph over the weather. One unusual method 
motorcyclists use throughout Southeast Asia to protect 
themselves against rain is to wear their plastic raincoats 
backwards. 

The Southeast Asians have developed the motorcycle 
into an effective intermediate-technology transport vehi¬ 
cle mainly by learning to “abuse” it to their advantage. 
They have discovered rather quickly that European and 
Japanese specifications for their motorcycles are very 
conservative, and in reality, the motorcycles can carry 
much greater loads than specified. Instead of two 
passengers, the motorcycles can carry three or four with 
additional seating in front of, or behind the driver. The 
motorcycle can also be adapted to carry an incredible va¬ 
riety of goods, including live pigs and chickens, bottled 
gas, sacks of rice, and bricks. 

One of the most interesting adaptations of the 
motorcycles is not a change in technology, but of attitude 
— the idea that motorcycles can be used as taxis. In 
Saigon in the late 1960s motorcycle owners 
supplemented their income by transporting soldiers from 
barracks to night clubs. As the economy deteriorated in 
the 1970s, the incentive to profit from machines soared, 
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As a city’s economy progresses, 
motors replace muscles for powering 
vehicles. The citizens learn very quickly 
that they can push the load limits of their 
vehicles far beyond design 
specifications 


and although illegal, the “honda-oms,” as they were 
called, flourished. A bargain at half the price of a taxi, 
they were also safer at night than riding a motorcycle 
alone; so, even motorcycle owners left their vehicles at 
home to use them. 

Three Wheels and a Motor 

Just as the tricycle evolved logically from the bicycle, so 
the three-wheeled motor vehicle has come from the 
motorcycle. These are called variously helicaks, minicars, 
bemos, mebeas, auto-rickshaws, four-seaters, tempos, 
cycle-motors, lambros, and samlors. Each of these vehi¬ 
cles is distinctly different, due to the many, small local 
manufacturers, who vary the simple main design. The 
three wheels make them stable so they can be constructed 
more heavily. Thus, they are unlike motorcycles, where 
balance and weight reduction is vital. And they require 
far less sophisticated brakes, suspension, transmission 
and steering systems than regular automobiles, so the 
technology does not far outstrip local resources. 

The range of technological sophistication in these vehi¬ 
cles is enormous. The crudest three-wheelers are simply 
reinforced tricycles, with an engine replacing the drivers’ 
legs for locomotion. Because the tricycle frames cannot 
usually stand the strain of motor-power for long, the need 
for a stronger frame is immediately apparent, and the de¬ 
sign proceeds to an even greater complexity. More 
sophisticated three-wheelers have been imported from 
Italy or Japan. These have engines of around 175 cc. and 
can carry from three to nine passengers. However, in 
many Asian countries, local industries have begun to 
produce a third generation of three-wheelers. Some coun¬ 
tries, such as India, are merely importing the manufactur¬ 
ing technology, while others, such as Indonesia, have de¬ 
signed their own vehicles for local conditions. But most 
importantly, the influence over design is returning to the 
area of use, and is no longer merely an adaptation of 
semi-obsolete European and Japanese vehicles. 

Undoubtedly the oddest three-wheeler is the helicak — 
a driver-in-rear motor vehicle with an egg-shaped, en¬ 
closed compartment resembling a helicopter cockpit. The 
helicak, with its tinted windows, is a high-status vehicle 
for its passengers, but there was concern at their intro¬ 
duction that the zippy vehicles would present quite a 
hazard to passengers in a collision. Despite cartoons, such 
as one showing a helicak with a mattress strapped to the 
front, there appeared, however, to be few serious acci¬ 
dents with the vehicles. 

The three-wheeler is not equally popular in all coun¬ 


tries. While huge numbers of the three-wheelers roam 
streets in India, the vehicles have already come and gone 
in Saigon and Bangkok, replaced by four-wheeled taxis 
and buses. 

While the three-wheeler is widely used as a taxi, its real 
vocation is as a minibus. As three-wheelers came into use 
as minibuses, they grew larger, with about 500 to 700 
kilograms of capacity. Seating arrangements changed 
from one seat facing forward into two benches facing 
each other, and the driver’s compartment was separated 
from the passenger compartment. As with most transpor¬ 
tation in Southeast Asia, fares were bargained over before 
the trip began. The price depended on the time of day, the 
amount of luggage, and whether competitive transporta¬ 
tion was available. For example, if the local bus service 
was on strike, fares might double. 

Most of the three-wheeled minibuses originated during 
the period of 1958 to 1965, and manufacturing ceased 
after that time. So, the minibuses now used in such places 
as Vietnam, Indonesia, and Thailand are being driven 
until they collapse. However, new three-wheel minibuses 
are approaching the production stage in both Indonesia 
and Greece. The minibus has proven economically and 
even politically important to Southeast Asia. For in¬ 
stance, the “lambro” minibus was used as a political 
weapon in Vietnam. The South Vietnamese government, 
in an attempt to give rural peasants a stake in the gov¬ 
ernment, encouraged the drivers of these buses in the 
countryside to also become their owners. Presumably the 
Viet Cong would not tolerate this form of free enterprise, 
thought government officials, and the driver-entrepreneur 
would, thus, have an economic interest in keeping the 
South Vietnamese government in power. Eventually this 
idea spread to Saigon, where fleets of lambros operated 
on fixed routes in the city. However, in 1967, as 
thousands of motorcycles were imported into Vietnam, 
the minibus lost an important source of customers — 
middle-class commuters. The lambros held on until late 
1974 when buses were introduced that offered more com¬ 
fortable seating and a lower fare. 

As I indicated previously, when technology and eco¬ 
nomics allowed, three-wheeled vehicles were replaced by 
four-wheeled vehicles. However, some reengineering was 
still performed on the basic four-wheelers to adapt 
foreign vehicles to Asian users. For instance, the Indone¬ 
sian “opelets” were based on an Austin automobile chas¬ 
sis. The rear end of the body was removed and a 
station-wagon-type body made of wood was substituted. 
The opelet carried about nine passengers on two parallel 
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A school-bus tricycle in India, with at least eight children inside. 
Sometimes such buses feature a solid roof with a rack above for the 
children's lunch boxes. 


bench seats in the rear. Besides the driver, there was in¬ 
variably a boy manning the rear door, collecting fares, 
and calling out the opelet’s destination to pedestrians. 

Although such route-varying “jitneys” in Southeast 
Asia — as elsewhere — offered more flexibility and 
greater frequency than buses, the governments of South¬ 
east Asia have discriminated against jitneys, because they 
are not as easily regulatable as buses. In Jakarta, for 
example, the opelets are limited to certain routes, thus 
depriving them of their flexibility. Fortunately, the jitneys 
are responding with improved, comfort-oriented 
technology to keep their market. For instance, small 
pickup trucks have been adapted as jitneys to give better 
rides. These have proven so successful that within three 
years of their introduction in Bandung, Indonesia, they 


had virtually displaced the opelets. Although such rapid 
transformations of transportation technology are quite 
common in Southeast Asia, a similar quick turnabout in 
the huge, capital-intensive transportation systems in U.S. 
cities is unimaginable. 

Many of the transportation forms discussed here have 
arisen spontaneously in response to social needs, but the 
hand of the government has also been felt in Southeast 
Asian transport, both for good and bad. Motorcycles 
were deliberately introduced into Vietnam, on the advice 
of American economic advisors, to sop up excess dollars 
being earned by the Vietnamese workers. The Indian gov¬ 
ernment sponsored the tricycle to replace hand-pulled 
rickshaws, because the former were more “humane.” The 
officially approved driver-in-front design, however, was 
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Clockwise from upper left: A Penang bakery’s delivery tricycle 
speeds the fresh bread from merchant to consumer; a lambro 
carrying freight and a passenger in Saigon; a helicak of Jakarta: 
the egg-shaped passenger compartment is quite strong, the tinted 
windows offer protection from the heat and it is considered a high- 
status means of transport; the super helicak of Jakarta is one of 
the forerunners of sophisticated domestically produced vehicles. 
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the only tricycle encouraged, using such policies as low- 
interest bank loans. Similarly the Indian government has 
limited motorized three-wheeler design by allowing im¬ 
portation of only a few designs. 

Sometimes government transportation policy has little 
to do with technology or “humaneness.” There is a story, 
perhaps apocryphal, that the Japanese bemo three- 
wheeler was introduced into Indonesia because the 
Japanese were so delighted when Sukarno married his 
Japanese mistress that they gave him a special deal on 
them. Questionable bargains of some type often play a 
role in transportation and other government decisions in 
Southeast Asia, but they are obviously difficult to trace. 

This incomplete description of intermediate transport 
in Southeast Asia illustrates the diversity of solutions 
available to answer the problem of moving people and 
freight around a city with a minimum of resources. The 
intermediate technology transport sector is ideally suited 
to these societies, because the marginal cost of additional 
transportation capacity is small for the entrepeneur and, 
for the government, often nothing. Usually the organiza¬ 
tion required to sustain the network arises spontaneously 
and is efficient, at least until it achieves a monopoly. 
Therefore, the one transportation policy really essential 
to Southeast Asia is that competitive modes of transport 
should be encouraged. These modes would provide 
slightly differentiated transport packages. For instance one 
mode might be like another, except the second can carry 
freight; one mode might be slightly more expensive than 
another, but faster. Thus, each mode would have a de¬ 
finite market, but would be able to assume a competitor’s 
responsibility in the event of a strike or similar distur¬ 
bance. 

The key to effective urban transport in Southeast Asia 
is flexibility. Rapid change has been seen to occur in a 
transport system, even in peacetime. The last thing a 
rapidly growing city should do is make long-term com¬ 
mitments to urban transport, such as fixed rail systems. 
The city may be completely transformed before the plans 
leave the drawing board. Any government commitment 
should be to insure that the poor have a means of trans¬ 
port, as well as a livelihood in the transport industry 
(even if it means driving an “inhumane” tricycle). 

Southeast Asian vehicle use will certainly grow, 
although the direction depends upon a myriad of social, 
political, and economic factors. In a situation where pri¬ 
vate entrepreneurs are encouraged, there will be a move 
toward small motorized vehicles and, later, buses. At 
almost every level of passenger transport, motor vehicles 


are more efficient. One motorized three-wheeler can sub¬ 
stitute for (or displace) 15 to 40 passenger tricycles. The 
individual entrepreneur can realize a better return on the 
motorized three-wheeler than on a fleet of tricycles. On a 
national scale, however, the shift to motorized transport 
is a disaster. Unemployment in Indonesia is estimated to 
be over 25 per cent. Can the government tolerate a shift 
to motor vehicles when each new three-wheeler deprives 
15 to 40 persons of jobs? Thus, there is an inherent con¬ 
tradiction of national and private interests. On the other 
hand, motorized transport may transform the society into 
an even more productive entity, stimulating a need for 
labor greater than any displaced. This appears to be hap : 
pening in many small villages in Greece. There, the intro¬ 
duction of a sturdy, motorized three-wheel farm vehicle 
has reestablished the farm as a viable, economic unit. 
Still, there is no guarantee that the motorization of trans¬ 
portation will be successful enough to reconcile the 
conflict of private and national interests. 

Such intermediate-technology vehicles may soon blos¬ 
som in the developed countries as a variety of factors 
leads to the future de-emphasis of private automobiles. 
Besides environmental and economic restraints on autos, 
there have arisen auto-free areas, in the form of pedest¬ 
rian malls and residence complexes, which may also en¬ 
courage the friendly, neighborhood minibus. As such 
areas increase in size, more sophisticated transport serv¬ 
ice, for both passengers and freight, will be required. 
Here, too, smaller vehicles — bicycles, motorcycles, and 
three-wheelers — could provide efficient unimposing 
service that does not disrupt pedestrian activity. 

Alan K. Meier is a man of many parts. After receiving B.A.’s in both 
chemistry and economics from the University of California at Berkeley 
in 1974, he spent a semester in Munich, Germany, studying organic 
chemistry, and a year at the University of Pennsylvania studying biolog¬ 
ical chemistry. He is currently working toward his Ph.D. at Berkeley, 
studying energy conservation measures in the home. 

He has recently turned his interest in technological innovation and its 
affects on social structures toward the United States, where he plans to 
continue his studies of intermediate transport. He predicts that there is a 
mo-ped in our future. 

A more complete account, entitled “Intermediate Urban Transport in 
Southeast Asia,” will be published as an informal Brookhaven Report 
by the Biomedical and Environmental Assessment Division of Brook- 
haven National Laboratory, Upton, L.I., N.Y. 11973. 
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THE M.l.T. CHAIR. A traditional favorite made of selected northern hard¬ 
woods and finished in satiny black with gold trim and gold M.l.T. crest. 
In all black or black with cherry arms. each $75.00 

Red and grey Duraleather Chair Cushion, foam filled. 13.00 

M.l.T. INSIGNIA TIE. A distinctive way to show off the M.l.T. shield. Fine 
quality polyester with repeat pattern on maroon or navy ground. 4" wide. 

6.95 

M.l.T. GLASSWARE. Fired-on silver Tech crest with chip-resisting platinum 
rim. Hi-ball, Double Old Fashioned, Single Old Fashioned. each 2.25 

PERSONALIZED PLAQUE. Cast bronze M.l.T. emblem mounted on solid 
walnut shield or rectangle. 

Plaque and bronze plate 24.95 

Engraving $6.00 extra. 

DIRECTOR’S CHAIR. Sturdy folding hardwood frame in natural or black 
finish. Seat and back in heavy white cotton duck with 3-color M.l.T. seal. 

33.95 


DIRECTOR’S CHAIR with walnut frame. 


40.90 
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M.l.T. Student Center 
84 Massachusetts Avenue 
Cambridge, Mass. 02139 



Please ship to: 
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.City 

Zip 


Ordered by: 
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City 

Zip 
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O OR I ENCLOSE REMITTANCE 


□ CHARGE MY ACCOUNT 

Mass. Residents: Add 5% sales tax (except ties). 

Out-of-state Residents: No tax except when delivered in Mass. 

(Make Checks Payable to the Harvard Cooperative Society) 

SHIPPING AND HANDUNG IN CONTINENTAL UNITED STATES 

EAST MID-WEST WEST 

Director's Chair. Glassware 

and Plaque (per order)1.50_2.50 _ 3.50 


M.l.T. Chair Cushion 


(per order) 


80 


1.20 


1 50 


M.l.T. Insignia Tie 


(per order) 


.60 


.60 


.60 


M.l.T. Chairs: Shipped Express Collect from Gardner, Mass. 
Please allow approximately 4 weeks for delivery. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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How to Celebrate 
Election Day and 
a New Year, Too 


How fitting to be writing a puzzle column 
on Election Day 1976 — a real puzzle! 

Last month I had a pleasant surprise. 
One of my wife’s colleagues, Scott Brodie, 
came to tell us that Martin Gardner had 
again mentioned “Puzzle Corner” in his 
highly respected column in Scientific 
American. I should like to thank him for 
the generous comment. 

A final remark before getting down to 
serious business: the backlog of “speed” 
problems is still low. 

Problems 

Y1977 Since this is the January issue, we 
once again present a “yearly” problem — 
this time Y1977. You are to take the digits 
1, 9, 7, and 7; and the operators +, —, * 
(multiply), / (divide), and ** (exponentia¬ 
tion); and form the integers from 1 to 100 
using each digit once (7 is thus used twice) 
and the fewest possible number of 
operators. Parentheses may be used to in¬ 
dicate the order of operations and, in case 
of a tie in the number of operators, a solu¬ 
tion using 1 9 7 7 in order is to be favored. 

The answers to Y1976 appear under 
“Solutions” below. The deadline for 
Y1977 is November 1 so that we may re¬ 
port the solutions next January. 

JAN 1 We begin with a five-card bridge 
problem from Emmet J. Duffy: With a 
no-trump contract, how can South, who is 
on lead, make a remaining five tricks 
against any defense? 



A 8 

VQ7 

♦ 9 

A 10 


A A 


A - 

V 10 9 6 


V - 

♦ 8 


♦ A 7 

A - 

A - 
VJ 

♦ J5 

A A 8 

AQ 9 6 


JAN 2 To accord with our political 
theme, 1 offer the following criptarith- 
metic puzzle from Rank Rubin: Replace 
each letter by a unique decimal digit to 
make a correct equation: 


ROBERT 
x F 
KENNEDY 

JAN 3 A number-theory problem from 
R. E. Crandall: Prove that if X, . . ., Xn 
are distinct real numbers (distinct natural 
numbers are all right, too) and n > 1, then 
the finite sequence {Xi}J = , has a 
monotone subsequence of length greater 
than Vn. 

JAN 4 An athletic problem from Ted 
Mita: A swimmer, wno swims at a con¬ 
stant rate of two miles per hour relative to 
the water, wants to swim directly from 
point A to a point C, which is one mile 
downstream and on the other side of a 
river one mile wide and flowing one mile 
per hour. At what angle should he point 
himself, relative to the line AB (perpen¬ 
dicular to the river)? 


C 1 mile B 



River velocity : 

* 

1 mile 1 m.p.h. 


A 


(Getting the equation right is a sufficient 
solution, since one needs tables to obtain 
the final answer.) 

JAN 5 To again honor the elections, we 
close with a problem based on interna¬ 
tional monetary exchange submitted by 
Homer D. Schaaf: An ounce of gold can 
be drawn into 50 miles of wire or ham¬ 
mered into a sheet of 100 square feet. 
Which is thicker, the wire or the sheet? 
Hint: Gold, unlike currencies, does not 
float. 

Speed Department 

JAN SD1 People say Jimmy Carter is 
very calculating. Speaking of calculators, 
Don Savage submits the following: One 
consequence of the recent purchase of my 
first calculator was loss of sleep from stay¬ 
ing up to the w r ee hours merrily pushing 
buttons. So here is a three-part quickie for 
my fellow calculator freaks: 

L _J_ 

9x9 ’ 9 x 99 ’ 9 X 999 


— ‘ —= ?,-= ?, - = ? 

99 X 99 999 x 999 9999 x 9999 

II. ifl = 

11 

III. 104348 _ } 

33215 

JAN SD2 Norman Spencer has the spirit: 
On the first day of Christmas my true love 
gave to me a partridge in a pear tree. On 
the twelfth day she gave me 78 gifts. How 
many gifts did I receive altogether? 


Solutions 

Y1976 Take the digits 1, 9, 7, and 6; the 
operators +, —, * (multiply), / (divide), 
and ** (exponentiate); and form the inte¬ 
gers from 1 to 100 using each digit once 
and the lowest possible number of 
operators. Use parentheses to indicate the 
order of operation, and in case of a tie a 
solution using 1 9 7 6 in order is favored. 

Several people arrived at the following 
solution: 

Number Score 


1 

1* 

1“ 

2 

1 

71 - 69 

3 

3* 

l/((9-7)/6| 

4 

1 

76/19 

5 

2 

6 - l" 

6 

2* 

(1") -6 

7 

2* 

(1") + « 

8 

2 

<1“> + 7 

9 

2 

(1») • 9 

10 

2 

(l 1 *) + 9 

11 

3* 

1(1 +9)+7|-6 

12 

2 

96/(1 + 7) 

13 

2 

(79 - l)/6 

14 

2 

(17 - 9) + 6 

15 

1 

91 - 76 

16 

2 

(97 - l)/6 

17 

2 

71 - (9 • 6) 

18 

1 

79 - 61 

19 

2* 

19 • (7 - 6) 

20 

2 * 

(19 + 7) - 6 

21 

3 

1(1 ■ 9) - 6) ■ 7 

22 

3* 

|(1 -9) + 7|+6 

23 

2 

(7 • 6) - 19 

24 

1 

91 - 67 

25 

1 

96 - 71 

26 

3 

17 • (6 - 1)| - 9 

27 

3 

1(7-11-61-9 

28 

1 

196/7 

29 


No solution 

30 


No solution 

31 


No solution 

32 

2* 

(19 +7) + 6 

33 

3 

1(1 -7>-61-9 

34 

3* 

(1 - 9) + (7 - 6) 

35 

3 

7 ■ (6 - 1*1 

36 

1 

97-61 

37 

2 

(9 • 6) - 17 

38 

3 

[9 • (6 - 1)1 - 7 

39 

3 

1(1 + 7)-6)-9 
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40 

3 

1(1+ 0-71-9 

41 

3 

[(9 - 1) • 6( - 7 

42 

3* 

1* • 7 - 6 

43 

3 

(7 • 6) + 1* 

44 

3 

9 - [(1 - 6) ■ 7( 

45 

2 

(61 - 9) - 7 

46 

3 

((9 • 6) - 11 - 7 

47 

2 

<9 - 7) - 16 

48 

1 

67 - 19 

49 

2 

(16-9)-7 

50 

3 

1(9 - 1) ' 7| - 6 

51 

2 

17 • (9 - 6) 

52 

1 

69 - 17 

53 

3 

1(1 + 9) • 61 - 7 

54 

3 

(1 ! '91 -6 

55 

3 

1(9 - 1) . 61 + 7 

56 

2 

(71-91-6 

57 

1 

76 - 19 

58 

2 

(1.67) - 9 

59 

2 

(1 - 9) + 67 

60 

3 

(l 1 + 9) ■ 6 

61 

2* 

19 + (7 • 6) 

62 

2 

(1 -69)-7 

63 

1 

79 - 16 

64 

3* 

|(1 +9)-71-6 

65 

3* 

1 + (9 - 7)* 

66 

2 

(76-11-9 

67 

2 

1* -67 

68 

2* 

(1 - 9) + 76 

69 

2 

1 ! • 69 

70 

2 

l 1 + 69 

71 

2 

17 + (9 ■ 6) 

72 

2* 

(19 - 7) • 6 

73 

2 

(1 -791-6 

74 

2 

(l + 79)-6 

75 

2 

(9 - 1) + 67 

76 

r 

1* - 76 

77 

2* 

l» + 76 

78 

2 

(91 - 7) - 6 

79 

1 

96 - 17 

80 

2 

1* + 79 

81 

1 

97 - 16 

82 


No solution 

83 


No solution 

84 

2 

(9 - 1) + 76 

85 

2* 

(1 - 9) + 76 

86 

1 

19 + 67 

87 


No solution 

88 

2 

(96 - 1) - 7 

89 

2 

(1 -961-7 

90 

2 

(1 + 96)-7 

91 

2* 

(1 -97)-6 

92 

2* 

(1 +97)-6 

93 

2 

(17 -6) - 9 

94 


No solution 

95 

1* 

19 + 76 

96 

2 

l 7 96 

97 

2 

l 7 + 96 

98 

2 

1‘ + 97 

99 

2 

(17 - 6) 9 

100 


No solution 


Asterisks mark the favored solutions in 
which 1 9 7 6 appear in order. 

Responses were received from Gerald 
Blum, Albert S. Knight, W. Robert Dres¬ 
ser, Abraham Schwartz, Glenn Rowsam, 
A. W. Collins, Avi Ornstein, E. Jamin, 
Robert K. Kennedy, Harry Zaremba, 
Richard Rudell, R. Bart, A. Holt, Edward 
Pierce, and William J. Butler, Jr. 

J/A 1 Since a clarification was given in the 
last issue, the solutions will appear in 
March/April. 

J/A 2 It is well known that Pythagorean 
triples with integers a, b, h, where a 2 + b 2 
= h 2 , may be generated by taking h = p 2 
+ q 2 , a = p 2 - q 2 , and b = 2 pq, where p 
and q are any integers such that p > q a 
1. A special series of such triples is that in 
which the legs a and b differ by one unit. 
By means of a table of squares we can find 
that the first four of such triples are: 


p 

a 

h; 

a 

b 

2 

1 

5 

3 

4 

5 

2 

29 

21 

20 

12 

5 

169 

119 

120 

29 

12 

985 

697 

696 


(For the tenth such triple, p = 5741, q = 
2378, h = 38,613,965, a = 27,304,197, 


and b = 27,304,196.) If we take the frac¬ 
tions q/p from the table above, they are 
1/2, 2/5, 5/12, and 12/29. These are the 
continued fraction approximants for V2 
- 1. Prove that all the approximants (a) 
result in Pythagorean triples (b) with legs 
differing by unity, and (c) that the di¬ 
mensions increase nearly geometrically 
with a ratio approaching (3 + 2V2). 

I received several accurate responses to 
this problem, and 1 selected R. Robinson 
Rowe’s due to its clarity and simplicity: 

As a continued fraction. 



indefinitely, and if at any stage the part in 
the oval is the preceding convergent m/n, 
this succeeding convergent is 



2 + mM m + 2n 


If that preceding convergent generated a 
triple a 2 + b 2 = h 2 with a — b = ± 1 by the 
parameters m = q, n = p, a = p 2 — q 2 , b = 
2pq, h = p 2 + q 2 , we have 

p 2 — q 2 — 2pq = ±1 = n 2 — m* — 2mn 

Then in the succeeding convergent, 
q=n, 

p = m + 2n, 

a = (m + 2n) 2 — n 2 = 3n 2 + 4mn + m 2 
b = 2n(m + 2n) =4n 2 + 2mn 

a - b= -n 2 + m 2 + 2mn = —(±1) 

That is, the triple generated by the suc¬ 
ceeding convergent will also have legs dif¬ 
fering by unity, but a and b will alternate 
as the larger. This proves tasks (a) and (b) 
— since any two values for p and q gener¬ 
ate triples. We note now that, as above, if 
one convergent is m/n, the next is n/(m + 
2n), that is, each numerator is the preced¬ 
ing denominator. As the ratio of these 
convergents approaches a limit r, such 
that n = mr, we have for consecutive con¬ 
vergents 

m . mr 

- and— — 

mr mr 

and by the equation above for C, 

mr 2 = m + 2mr 
r* — 2r — 1 = 0 

r = 1 + VI. 

Then, from b = 2pq, consecutive b’s and 
2m 2 r and 2m 2 r 1 with a ratio of 
r 2 = (1 +V2) 2 = 3 + 2 VI. qed 

Also solved by Charles J. Rife, John 
Bonomo, Winslow H Hartford, Gerald 
Blum, John F. Chandler, and the pro- 

; oser, Irving L. Hopkins 
/A3 Construct a triangle given the 
lengths of the three meridians. 

Harry Zaremba had little trouble with 
this one: 

Let the given means be M A , M B , and 
M c , each of which is trisected, initially. 
Armed with the foreknowledge that the 
intersection of the means is a point of 


their trisection and is the centroid of the 
triangle to be constructed, we proceed as 
follows (see figure): 



(1) Draw line BB, whose length equals 
M b . 

(2) With B, as the center and M B /3 as the 
radius, locate points O and P on line 
BB,. 

(3) With points O and P as centers, and 
2M a /3 and 2M c /3 as the radii, respec¬ 
tively, locate point A. 

(4) Similarly, using O and P as centers, 
and 2Mc/3 and 2M A /3 as the respec¬ 
tive radii, locate point C. 

(5) Draw the figure AOCP, and line AC. 
Since AP = OC, and AO = PC, the 
quadrangle is a parallelogram. Diag¬ 
onals AC and OP bisea each other at 
point B„ and line AC is one side of the 
required triangle. 

(6) Draw lines AB and BC. The figure 
ABC is the triangle required. Lines 
AA, and CC,, extensions of AO and 
CO, respectively, are equal to the 
means M A and M c . 

Also solved by John F. Chandler, R. 
Robinson Rowe, William J. Butler, Jr., 
Mary Lindenberg, Ernest W. Thiele, and 
the proposer, Robert Pogoff. 

J/A4 Write down in a row the coefficients 
of the expansion of (a + b) N where N is 
any integer. Multiply each coefficient by 
the second coefficient and set the result 
below the multiplied coefficient. Continue 
by multiplying by the third, fourth, and 
fifth coefficients, etc. An example is 
shown for the coefficients of the expan- 


sion of (a 

+ b) 4 : 




1 

4 

6 

4 

1 

4 

16 

24 

16 

4 

6 

24 

36 

24 

6 

4 

16 

24 

16 

4 

1 

4 

6 

4 

1 


Find a formula for the sum of the digits in 
any diagonal. 

Neil Cohen’s clever method utilizing 
expansions of (a + b) s makes this look 
almost trivial: 

Let Aij N be the coefficient in the ith row 
and jth column of the array created by the 
coefficients of the expansion (a + b) N . 
Then A U N = C(N, i - 1) C(N, j - 1). By 
symmetry, it is sufficient to consider 
diagonals beginning with a coefficient on 
row 1 and slanting to the left. Pick the 
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If you have your own computer, 
or if you’re into computers at all... 
have we got a great magazine for you! 


The name says it all. BYTE. 

E ■ " E A monthly magazine packed 
with everything you’ve wanted to know 
about personal computing. If you think 
you can’t afford your own computer, 
BYTE will show you how you can. If you 
can afford your own computer, BYTE 
will show you how to have all the fun 
of putting it into action. 

DIITK: A magazine for and about 
E ■ ■ E the state of the art of 
personal computing. Written by pro¬ 
fessionals and hobbyists who know the 
ropes. Edited by Carl Helmers, who not 
only has an eye for a great story, but 
knows what the personal computer 
user needs to know. BYTE’s editor 
is just as addicted to computers 
as you are, and he knows how to 
present personal computing so 
everyone, from neophyte to the 
mastermind, can understand and 
enjoy it fully. 

miifl Month-after-informative- 
EVIE month. A continuous 
flow of pioneering articles, practi¬ 
cal applications, source listings, 
other system ideas and adapta¬ 
tions, good fun and news for you 
and your system. For example, 
recent issues contained de¬ 
tailed articles on ... 


Machine Readable Printed Programs 

Voice Outputs • Golf Handicapping 

Programmed Music • Games 

Computer Languages 

Small Business Applications 

Bio-Rhythms • Home Automation 

Weather Forecasting 

Text Editing & Systems 
Programming 


Best of all, you can subscribe to BYTE 
right now. Only $12 for one full year’s 
subscription of 12 big issues. Two years 
for $22 ... save $2.00! And, a three-year 
subscription is only $30. Save $6.00! 
Rush the coupon below. Charge it on 
BankAmericard or Master Charge. And, 
if you can't wait, call us directly at 
(603) 924-7217. Ask for the Subscription 
Department. 

In about six weeks you’ll get your first 
copy of BYTE. Read it from cover-to- 
cover. If it's everything you expected, 
honor our invoice. If it isn't, just write 
‘‘CANCEL’’ across the invoice and send 
it back. You won't be bothered again. 

In any case, the first issue is yours 
to keep. 

EVII The only gourmet personal 
computing magazine. Order today! 


You name it. If it’s about personal 
computing you’ll find it in BYTE, 
the first and best magazine in the 


field. 



ilTE 


TR-1/77 

PETERBOROUGH, NH 03458 

Please enter my subscription to BYTE . . . 

□ $12 One Year □ $22 Two Years □ $30 Three Years 

□ Bill me. □ Enclosed is my check for $_ 

□ Bill BankAmericard D Bill Master Charge 

Credit Card Number 


Credit Card Expiration Date_ 

Name (Please Print)_ 

Address_ 

City_State, 


.ZiP- 
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coefficient in the kth column. Then S, the 
sum = 

k-l k-1 

2 = 2C(N,l)C(N,k - 1 - !>■ 

1=0 P-0 

However, (a + b) 2N = (a + b) N (a + b) N . 
Therefore, c(2N,k) = 

k 

2c(N,l)C(n,k - I) 

1=0 

since the lefthand side is the coefficient of 
a Kj,( 2 s-k> j n t h e expansion of (a + b) 2N and 
the right hand side is the coefficient of 
a k b ,2N - k) obtained by expanding (a + b) N 
and multiplying the resulting polynomial 
by itself. Therfore, S = C(2N, k-l). 

Also solved by John F. Chandler, 
Willaim J. Butler, Jr., R. Robinson Rowe, 
Harry Zaremba, Gerald Blum, Winslow 
H. Hartford, William G. Hutchinson, Jr., 
Frank Carbin, Joseph G. Haubrich, 
Naomi Markovitz, and the proposer, 
Emmet J. Duffy. 

J/A5 Given a decanter of wine but no 
measuring devices, find a way to divide 
the wine among any number of people so 
that each is satisfied that his/her share is 
(at least) a fair one. Assume that each per¬ 
son is willing to divide the wine and ac¬ 
cept any of the portions. 

An excellent response was received 
from Hal R. Varian, who says there are at 
least two solutions: 

(1) One person pours the wine until 
someone yells “stop.” The person who 
yells gets the serving. (Of course the 
pourer can also yell “stop.”) 

(2) Person one pours a glass of wine and 
passes it to person two. Person two can 
either pass it on untouched or pour some 
back into the decanter. So it goes on down 
the line. When the last person has had his 
chance to do this, the glass is awarded to 
the person who poured last. (Of course 
this could be the person who originally 
poured the glass.) The person who gets 
the glass is out and the process is repeated 
until only two people are left; then one di¬ 
vides and the other chooses. Mr. Varian 
notes that “several eminent mathemati¬ 
cians have worked on this problem, 
among them Banach and Steinhaus. Some 
of their work is described in Spanier and 
Dubins’ ‘How to Cut a Cake Fairly,’ 
American Mathematical Monthly, Vol. 
68, 1961, and Kuhn, H., ‘Games of Fair 
Division,’ in Shubik, ed. Essays in 
Mathematical Economics, Princeton Uni¬ 
versity Press, 1967. I became interested in 
this subject while in graduate school at 
Berkeley and ended up writing my thesis 
on some formal models of distributive jus¬ 
tice. A student of mine at M.I.T., Vincent 
Crawford, considered a variation of this 
problem in his 1976 Ph.D. thesis. Sup¬ 
pose that the item to be divided is 
nonhomogeneous — for example, a cake 
with icing. The two people involved in the 
division process may have different tastes 
for icing and cake, so they will evaluate 
different slices differently. It is not hard to 
show that divide and choose still has the 


“no envy” property — neither person will 
prefer the other person’s piece to his own. 
The question Crawford asked is: In such a 
game is it better to be the divider or the 
chooser? Assume that each person knows 
the other person’s tastes completely.” 

Also solved by Neil Cohen, Joseph G. 
Haubrich, R. Robinson Rowe, William J. 
Butler, Jr., Stephen Polloch, Jacob 
Bergmann, Neil E. Hopkins, Harris Hy¬ 
man, and the proposer, Stuart Schulman. 

Better Late Than Never 
1975 DEC 2 Winthrop M. Leeds has re¬ 
sponded with the following problem: 

In the July/August issue you reported 
that David R. Kramer has solutions for K 
= 5 and K = 13 and asked for a proce¬ 
dure for all K. For large values of K where 
a strictly analytical solution does not seem 
practical, I suggest using the following 
procedure: 

Draw a large circle, centrally located in 
the unit square, which intersects the sides 
of the square at a distance “x” from a 
corner where “x” is about 0.25 or 0.30. 
Completely cover one exposed corner of 
the square with N small circles with the 
pattern chosen for a minimum amount of 
overlap with each other and the edges of 
the corner space. Since all corners are as¬ 
sumed to be covered in the same way, 
then K = 4N + 1. Now measure the 
radius of each small circle and express it 
as a decimal fraction of “x,” or kx. The 
radius of the large circle is r = V(.5) 2 + 
(.5 — x) 2 . Now the sum of the areas of all 
K circles (call it A) can be expressed as a 
function of “x.” Then calculate dA/dx, 
equate it to zero and solve for “x.” If this 
is not too much different from the origi¬ 
nally estimated value, then the value of A 
for this value of “x” will be very close to 
the minimum value of the total circle area 
for the chosen pattern. Here are some of 
my answers: 

K = 13 A = 1.188 

K = 21 A =1.146 

K = 37 A = 1.133 

K = 45 A = 1.123 

What would you think of asking your 
readers to find the smallest value for K 
that will yield a minimum for A = 1.100 
or less? 

[Any takers? — Ed.] You have asked what 
the procedure should be for infinitely 
large values of K where A should ap¬ 
proach 1. I suggest that you start with an 
inscribed circle of radius 1, then put a 
tangential circle in each corner, continue 
with tangential circles in each uncovered 
crevice, and as the crevices and added 
circles get smaller and smaller: 



FEB 4 Bruce Andeen “strongly disagrees” 
with the solution published in Oc¬ 
tober/November: 

The error is in assuming that the dis¬ 
placement of the ship has any bearing on 


the water required to operate a lock. The 
amount of water that must be supplied to 
(or drained from) a lock to raise (or 
lower) a given ship is solely equivalent to 
the volume of the lock. The ship’s dis¬ 
placement has already been accounted 
for, since when the ship entered the lock, 
the water in the lock is in equilibrium with 
the body of water from which the ship 
sailed. Only changes in the ship’s dis¬ 
placement occuring during the lock opera¬ 
tion affect the water requirement. Thus, 
the correct answer to the problem is not 
2V l — V s , as stated, but rather 2V L . 

M/A Mazie Porter has responded. 

MAY 3 Lowell Kolb has responded. 

J/A SD 1 Neil Hopkins points out the in¬ 
teresting possibility: 

2* + (3/2)* = (J/2)*; 

A, B, and C are all “limited to primes.” 
O/N SD 1 Several readers point out that 
the position could not occur in a game 
(even after you put the White King some¬ 
where). What could the position have 
been before White mated? The only de¬ 
fense is that the position was not required 
to be “game born”. While game born po¬ 
sitions do exist they A: require the White 
King, and B: are not nearly so pretty. 

Solutions to Speed Department 
SD1 I won’t ruin your fun by spilling the 
beans. Buy a calculator and find out for 
yourself, or “test one out” at Sears. 

SD 2 1 + (1 + 2) + (1 + 2 + 3) + ... + 
(1 + ... + 12) = 364 
The proposor claims that finite difference 
techniques yield a general solution 
n (n 1 + 3n + 2) 

6 

But that sort of stuff is forbidden in the 
Speed Department. 

Allan J. Gottlieb studied mathematics at 
M.l.T. (S.B. 1967) and Brandeis (A.M. 
1968, Ph.D. 197.1); he is now Coor¬ 
dinator of Computer Activities at York 
College of C.U.N.Y. Send problems, so¬ 
lutions, and comments to him at the De¬ 
partment of Mathematics, York College, 
Jamaica, N.Y. 11451. 
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m.i.t.’s sloan 

management 

review 

The SLOAN MANAGEMENT REVIEW is the professional management 
journal of the Massachusetts Institute of Technology. The articles pub¬ 
lished are selected for their emphasis on analytical and innovative ap¬ 
proaches to practical problems in management. The REVIEW provides 
a unique opportunity for quick access to the most important new 
thought on the complex decisions facing managers today and in the 
future. 

To subscribe, simply fill out the subscription order form below and 
return it to the SLOAN MANAGEMENT REVIEW. 
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An Institute 
Informant 


The Editors’ digest of recent and 
current concerns at the 
Massachusetts Institute of Technology 



Who Cares About Space? 

Remember Dick Tracy’s wristwatch- 
radio-communications system? 

Not so far-fetched after all, says Russell 
L. (Rusty) Schweickart, the lunar module 
pilot on Apollo IX who is now Assistant 
for Payload Operations in N.A.S.A.’s 
Space Shuttle Program. A high-power or¬ 
biting transponder is on the Shuttle’s 
agenda, said Mr. Schweickart at an M.I.T. 
seminar last fall (he graduated from the 
Institute in the Class of 1956), and it 
could bring life to Dick Tracy’s miniature 
miracle. 

Mr. Schweickart’s purpose was to urge 
for his student audience the practical im¬ 
portance of space — and to give these 
would-be engineers a warning. Two 
examples among many of the pay-offs 
from space research: communications 
satellites — they’ve halved the cost of a 
trans-Atlantic phone conversation and 
brought television to Indian peasants — 
and Landsat surveys of earth resources, 
helping study land use in the Sahel, for 
example, and fight mosquitoes in 
Louisiana. 

But it’s a frustrating business, because 
most of the pay-offs from space are not so 
dramatic as a Dick Tracy wristwatch, and 
people don’t really care. The technology 
that “pays for the romance and the space 
colonies ... is boring as hell... Everyone 
wants to know that his tax dollar is doing 
good, but no one wants to hear the spe¬ 
cifics ... People are satisfied with assur¬ 
ances, and then they want to talk about 
life on Mars.” 

Symposium on X-Ray 
Astronomy 

Since SAS-3 was launched in May, 1975 
(it’s been operating flawlessly ever since) 
this orbiting x-ray observatory designed 
and monitored by the M.I.T. Center for 
Space Research has located the first 
“high-temperature white dwarf” star, the 
first “rapid-burster” x-ray source, and 
countless less exotic new x-ray radiators 
in the heavens. 

These findings as well as experiments 


"Selling" space technology is now part of 
Russell L. Schweickart's job — a tough job 
because people know that “start-up costs 
are tremendous" and the risks high but they 
don’t realize that “on-the-ground user costs 
turn out to be very low.” Communications by 


planned for the future will be reviewed at 
a day-long symposium in Cambridge on 
January 26; speakers will include Pro¬ 
fessors Hale V. Bradt, George W. Clark, 
Walter H. G. Lewin, Saul A. Rappaport, 
and Dr. Herbert W. Schnopper. There will 
be an introductory paper on the history of 
x-ray astronomy by Bruno B. Rossi, Insti¬ 
tute Professor, Emeritus, and a conclusion 
on current and future implications of 
space research by Philip Morrison, Pro¬ 
fessor of Physics. 

For further information, write Pro¬ 
fessor Claude R. Canizares, Room 37- 
501, M.I.T., Cambridge, Mass., 02139 — 
(617) 253-7500. 


A Nuclear Advocate 
on Solar Power 

It was a conference to promote New Eng¬ 
land solar energy development. But 
Richard S. Morse, President of the M.I.T. 
Development Foundation, Inc., turned on 
the cold water. 


satellite and Landsat earth resources 
surveys are two examples, he said, and 
there will be many more from the Space 
Shuttle, for which Mr. Schweickart is now 
Assistant for Payload Operations. (Photo: 
John Bradstreet for The Tech) 


“No significant amount of energy, 
either thermal or electric, will be gener¬ 
ated from the sun in this area in the next 
few decades,” he told delegates to the 
New England Council’s meeting late last 
fall. Adequate technology is still far dis¬ 
tant, and there are two institutional con- 
traints, as well: 

— Among its responsibilities, the Energy 
Research and Development Administra¬ 
tion is directed to commercialize the 
products of its laboratories. That’s a new 
role for a federal agency, said Mr. Morse, 
and success is not assured and surely will 
not be instantaneous. 

— Because the building industry “has 
never been noted for an ability to respond 
to changing technology,” Mr. Morse 
suggests that “new mechanisms for forc¬ 
ing innovation” may well be needed. 

Instead of the sun, let New England 
focus on nuclear energy in the near-term. 
It represents a special opportunity, unique 
in New England’s recent history: power 
can be made with fuel that is no more 
expensive here then anywhere else in the 
U.S. 
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Next: The 1985 Census 

Who will live and work where in 1985? 

A new resource for planners who need 
to answer that question for their own re¬ 
gion or city is now becoming available 
from the Joint Center for Urban Studies of 
M.I.T. and Harvard. 

Two years ago David L. Birch, Senior 
Research Scientist at the Joint Center, di¬ 
vided the U.S. into 315 small areas mostly 
consistent with metropolitan and rural 
parts of the Bureau of Economic Analysis 
areas. Since then he’s assembled data on 
the inflow and outflow of people and 
business in each of these areas between 
1930 and 1975, including personal data 
on households that moved and descriptive 
and financial data on businesses. 

Now a simulation model has been 
completed on the basis of this data, and 
from it can come detailed population and 
employment forecasts on a year-by-year 
basis through 1985 for each of the 315 
areas. Both data and model results can be 
accessed by telephone terminals. The 
Joint Center welcomes inquiries — (617) 
868-1410. 

Hindsight on Foresight: 
Assessing the Telephone 

What did Alexander Graham Bell and the 
others who helped develop his telephonic 


invention think might be its impact? 

In a sense they were bullish from the 
beginning. Less than two years after his 
invention, Mr. Bell was talking about how 
“a man in one part of the country may 
communicate by word of mouth with 
another in a distant place.” And some of 
his colleagues soon proposed that if a 
voice could travel over wire, pictures 
could be transmitted as well. 

But was this really technology assess¬ 
ment? Kay F. Israel, an M.I.T. graduate 
student who’s been engaged for two years 
in a “retrospective technology assess¬ 
ment” of the telephone under National 
Science Foundation sponsorship, thinks 
not. Despite their awareness of some of its 
potential, the pioneers of the telephone 
really had no idea of how its future mira¬ 
cles would be accomplished. 

Professor Ted R. 1. Greenwood of the 
Department of Political Science also main¬ 
tains a posture of skepticism. The tele¬ 
phone pioneers’ prognostications were 
made at a time when “telephone wires 
could only carry one message instead of 
60,000,” he says, and he finds himself 
among “the people who think that plan¬ 
ning is less than it’s cracked up to be.” 

The idea of the “retrospective tech¬ 
nology assessment” of the telephone was 
to learn from the past about how tech¬ 
nology assessment might work in the fu¬ 
ture. A full report of the two-year project 
is due later this year. 
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stronger color forces. 

In fact, if this force is as strong as a 
number of theoreticians now suggest, it 
may never be possible to produce a single 
quark. Electromagnetic and gravitational 
forces both are three-dimensional and de¬ 
crease rapidly as the distance between two 
objects increases. But color force may be 
one-dimensional, like a string, and remain 
constant regardless of distance. 

To separate two of these infinitesimal 
particles by an inch would require as 
much energy as it takes to raise a person 
30 ft. in the air, says Dr. Glashow. And 
before the particles could be separated, 
another process would intervene. A 
quark-antiquark pair would materialize 
and one of these new particles would 
combine with the quark which was being 
separated to form a new hadron. 

Thus quarks may be permanently inac¬ 
cessible and invisible, and millenia of 
human speculation about the matter of 
the universe may have reached an am¬ 
biguous conclusion. As Dr. Nambu has 
written, “The very successes of the quark 
model lead us back to the question of the 
reality of quarks. If a particle cannot be 
isolated or observed, even in theory, how 
will we ever be able to know that it exists? 
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Our printer calls Technology Review 
“the biggest book I’ve ever seen .. 
That’s why you need our annual index. 
The latest, Volume 75, (1972-73) lists 
everything from Charles Abels (he wrote 
us a letter about insect controls) to 
Alexander Zechella (he described his 
plan for mass-produced floating nuclear 
reactors). 

Price $2 postpaid (if payment 
accompanies order). Use the coupon. 


To Technology Review, Room El 9-430, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 02139 


Please send me 


_ copies (@ $2, postpaid if payment 

accompanies order) of the Index to Volume 75 (1972-73) 
I enclose $ _ 

Name _ 


Address 


Please put me on the mailing list to receive future 
indexes <6 $2.00 per index. 
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Christian Science Monitor and writes reg¬ 
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In any technical field, call (215) 735-4908. 
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engineers, chemists, scientists, metallur- 
| gists and technical sales people in all 
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do the same for you. 
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tion. Over 1000 client companies 
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Martin Lyons 
Personnel Sen/ices. Inc. 
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Mansfield, Mass 02048 
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A scale model of your area and pieces of furniture 
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blocks with a sheet of plywood cut to scale to your 
area shape Just send dimensions Price $100. 
JFC. 214 Security Mutual Building. Binghamton, 
NY 13901 
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* public relations * publicity 
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trouble. The evil that people do in the 
name of doing good, the vast mispercep¬ 
tions of what constitutes betterment, and 
the excruciating difficulties of political 
choice, all cry out for treatment. 

If someone objects that normative sci¬ 
ence is simply philosophy, 1 would not 
mind very much, for philosophy is much 
too important to be left only to 
philosophers. But I hope that normative 
science would be something a little more 
and a little less than philosophy. A little 
more because it could marshall the empir¬ 
ical facts needed to guide the formation of 
values, and less because it would not pre¬ 
tend to answer or even perhaps to ask the 
great questions about ultimate values and 
the nature and meaning of the universe 
which we must go on asking even if there 
are no answers. 

In a sense, normative science already 
exists. The policy sciences, as Harold 
Lasswell called them, are indeed the foun¬ 
dation. The peace research movement is 
an example of the effort to develop a 
normative science in a specialized field. 
Marxism is an early example of a norma¬ 
tive science which to my mind went 
wrong and probably did more harm 
than good. But Marxism points dramati¬ 
cally to the need for normative evalu¬ 
ations of ideological systems in the hope 
of inhibiting spurious yet persuasive be¬ 
liefs in the future. 

There is always the danger that norma¬ 
tive science itself, especially if it has too 
much initial success, could become a con¬ 
stricting and damaging ideology. A prin¬ 
ciple of normative science already well es¬ 
tablished is that goods and evils are 
always produced jointly, and that for any¬ 
thing good we must accept at least the 
possibility of something evil. But we can 
work on that syndrome, as well, to in¬ 
crease the chance of good and diminish 
the chance of bad. If normative science 
can become a genuine discipline, its 
chances for benefit should increase and its 
dangers diminish. Normative science 
might even be capable of evaluating itself. 

Kenneth E. Boulding is Director of the In¬ 
stitute of Behavioral Science at the Uni¬ 
versity of Colorado. He writes regularly 
for Technology Review. 
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SPECIAL REDUCED ALUMNI RATES 


THIRTEENTH ANNUAL TOUR PROGRAM — 1977 


1977 marks the thirteenth year of operation for this 
unique program of tours, which visits some of the 
world’s most fascinating areas and which is offered 
only to alumni of Harvard, Yale, Princeton, 

Cornell, Univ. of Pennsylvania, Columbia, Dart¬ 
mouth, and certain other distinguished universities 
and to members of their families. The tours are de¬ 
signed to take advantage of special reduced fares of¬ 
fered by leading scheduled airlines, fares which are 
usually available only to groups or in conjunction 
with a qualified tour and which offer savings of as 
much as $500 over normal air fares. In addition, 
special rates have been obtained from hotels and 
sightseeing companies. 


The tour program is consciously designed for per¬ 
sons who normally prefer to travel independently 
and covers areas where such persons will find it ad¬ 
vantageous to travel with a group. The itineraries 
have been carefully constructed to combine as much 
as possible the freedom of individual travel with the 
convenience and savings of group travel. There is an 
avoidance of regimentation and an emphasis on lei¬ 
sure time, while a comprehensive program of sight¬ 
seeing ensures a visit to all major points of interest. 
Each tour uses the best hotel available in every city, 
and hotel reservations are made as much as two 
years in advance in order to ensure the finest in ac¬ 
commodations. The hotels are listed by name in 
each tour brochure, together with a detailed day- 
by-day description of the tour itinerary. 


The unusual nature and background of the partici¬ 
pants, the nature of the tour planning, and the qual¬ 
ity of the arrangements make this a unique tour pro¬ 
gram which stands apart from the standard commer¬ 
cial tour offered to the general public. Inquiries for 
further details are invited. 


AEGEAN ADVENTURE 

23 DAYS $2250 

This original itinerary explores in depth the magni¬ 
ficent scenic, cultural and historic attractions of 
Greece, the Aegean and Asia Minor, including not 
only the major cities but also the less accessible sites 
of ancient cities, together with the beautiful islands 
of the Aegean Sea. Visiting Istanbul, Troy, Per- 
gamum, Sardis, Ephesus and Izmir (Smyrna) in 
Turkey, Athens, Corinth, Mycenae, Epidauros. 
Nauplion, Olympia and Delphi on the mainland of 
Greece, and the islands of Crete, Rhodes, Mykonos, 
Patmos and Santorini in the Aegean. Total cost is 
$2050 from New York. Departures in April, May. 
July, August, September and October 1977. 
(Additional air fare for departures in July and Au¬ 
gust.) 


SOUTH AMERICA 

28 DAYS $2675 

From the towering peaks of the Andes to the south 
Atlantic beaches of Rio de Janeiro, this tour travels 
more than ten thousand miles to explore the im¬ 
mense and fascinating continent of South America. 
Visiting Bogota, Quito, Lima, Cuzco, Machu Pic- 
chu, La Paz, Lake Titicaca, Buenos Aires, the 
Argentine Lake District at Bariloche. the Iguassu 
FaQs, Sao Paulo, Brasilia, and Rio de Janeiro. Total 



cost is $2675 from Miami. $2691 from New York, 
with special rates from other cities. Departures in 
January, February, March, April. May. July, Sep¬ 
tember, October and November, 1977. 


THE ORIENT 

29 DAYS $2645 

A magnificent tour which unfolds the splendor and 
fascination of the Far East at a comfortable and re¬ 
alistic pace. Visiting Tokyo, the Fuji-Hakone Na¬ 
tional Park, Kyoto, Nara, Nikko and Kamakura in 
Japan, as well as the glittering temples and palaces 
of Bangkok, the metropolis of Singapore, the fabled 
island of Bali, and the unforgettable beauty of Hong 
Kong. Optional visits to the ancient temples of Jog¬ 
jakarta in Java and the art treasures in the Palace 
Museum of Taipei. Total cost is $2645 from 
California with special rates from other points. De¬ 
partures in March, April, May, June, July, Sep¬ 
tember, October and November. 1977 (extra air fare 
for departures July through October). 


MOGHUL ADVENTURE 

29 DAYS $2575 

An unusual opportunity to view the magnificent at¬ 
tractions of India and the splendors of ancient Per¬ 
sia, together with the once-forbidden Kingdom of 
Nepal. Visiting Delhi, Kashmir (Bombay during 
January through March), Banaras, Khajuraho, 
Agra, Jaipur and Udaipur in India, the fascinating 
city of Kathmandu in Nepal, and Teheran, Isfahan 
and the palaces of Darius and Xerxes at Persepolis in 
Iran. Total cost is $2575 from New York. Depar¬ 
tures in January, February, March, August, Sep¬ 
tember, October and November. 1977. 


THE SOUTH PACIFIC 

29 DAYS $3140 

An exceptional tour of Australia and New Zealand, 
from Maori villages, boiling geysers, ski plane 
flights and jet boat rides to sheep ranches, penguins, 
the real Australian “Outback.” and the Great Bar¬ 
rier Reef. Visiting Auckland, the “Glowworm 
Grotto" at Waitomo, Rotorua, Mt. Cook. 
Queenstown, Te Anau, Milford Sound and Christ¬ 
church in New Zealand and Canberra. Melbourne. 


Alice Springs, Cairns and Sydney in Australia, with 
optional visits to Fiji and Tahiti. Total cost is $3145 
from California. Departures in January, February, 
March, April, June, July, September, October and 
November 1977. 


EAST AFRICA 

23 DAYS $2310 

The excitement of Africa's wildlife and the mag¬ 
nificence of the African landscape in an unforgetta¬ 
ble luxury safari. Visiting Lake Naivasha, Lake 
Nakuru, Samburu Reserve, Treetops (Aberdare Na¬ 
tional Park), Masai-Mara Reserve, the Serengeti 
Plains, Ngorongoro Crater, Nairobi and Mombasa. 
Total cost is $2310 from New York. Optional visits 
arc available to the Amboseli and Tsavo National 
Parks, the Victoria Falls, on the mighty Zambezi 
River between Zambia and Rhodesia, to Zanzibar, 
and to the historic attractions of Ethiopia. Depar¬ 
tures in January, February, March, May, June, July, 
August, September, October, November and De¬ 
cember 1977. 

MEDITERRANEAN 

ODYSSEY 

22 DAYS $1925 

A unique and highly unusual tour offering a wealth 
of treasures in the region of the Mediterranean: 
Tunisia, with the ruins of Carthage and many other 
Roman cities as well as lovely beaches, historic 
Arab towns and desert oases: the beautiful Dalma¬ 
tian Coast of Yugoslavia, with its fascinating and 
medieval cities; and the 17th and 18th century 
splendor of Malta. Visiting Tunis, Carthage, 
Dougga, Sousse, Monastir, El Djem, Gabes, 
Djerba, Tozeur, Sbeitla. Kairouan and Thuburbo 
Majus in Tunisia; Split, Trogir, Sarajevo and Dub¬ 
rovnik on the Dalmatian Coast of Yugoslavia, and 
Valletta and Mdina in Malta. Total cost is $1925 
from New York. Departures in March, April, May. 
June, July, September and October, 1977 
(additional air fare for departures in June and July). 


Rates include Jet Air, Deluxe 
Hotels, Most Meals, Sightseeing, 
Transfers, Tips and Taxes. 

Individual brochures on each tour 
are available, setting forth the de¬ 
tailed itinerary, departure dates, 
hotels used, and other relevant in¬ 
formation. Departure dates for 1978 
are also available. 

For Full Details Contact: 

ALUMNI FLIGHTS ABROAD 

White Plains Plaza 
One North Broadway 
White Plains, N.Y. 10601 










FREE! if you 
order a course 
now! ... 

A copy of the New Berlitz 
European Menu Reader, 
just published at $2.95. 

A unique dictionary for the person who wants 
to know what he's ordering and eating. 

More than 300 pages. Not a simple 
translation, but a comprehensive directory 
of what's in the soup and under the sauce in 
14 different languages The European Menu 
Reader slips easily into pocket or purse— 
is indispensable on a trip (or even when 
dining out locally). 

Contains color-indexed, alphabetically 
arranged sections for the following cuisines: 
Danish, Dutch. Finnish, French. German, 
Greek, Italian, Norwegian. Polish, 

Portuguese, Russian. Serbo-Croatian, 

Spanish and Swedish. 

Complete with special 16-page full-color 
supplement on European wings and 
vineyard area maps 



What would you give to learn a second language? 
(Try $85.1 And what’s it worth to your company? 


There’s a premium being paid for language-knowledge in 
America today—and it’s not only in the export trade. In multi¬ 
national companies, in major cities, even on the factory floor, 
a second language marks you as the potential spokesman, the 
well-educated leader, the man to ask about foreign ways. 

And travel is so much more fun when you can meet people 
and talk their language. Now you can. Easily. Painlessly. All 
thanks to this 50-lesson do-it-yourself Berlitz® language course. 
Available in French, German, Italian or Spanish—it’s yours 
for only $85.00. 

•-MAIL- PHONE COUPON-- 

Berlitz Publications, Inc., Dept. 20011 
4500 N.W. 135th St., Miami, Florida 33059 

YES! Send me your Berlitz Comprehensive Cassette Course today 
at $85.00 each, plus $2.00 each to cover postage and handling. 

□ French □ German □ Italian □ Spanish 

96100 96101 96102 96103 

Plus, send me my copy of the new European Menu Reader FREE! 
Please print name and address clearly 


Name 









Please check method of payment: 

□ Check or money order—payable to Berlitz Publications, Inc. 

□ American Express □ Carte Blanche 

□ BankAmericard □ Diners Club □ Master Charge 

Credit Card No.'___ 

Expiration Date_ _ _ 

Interbank No. Master Charge Only_ 

(Located above your name) 

Signature__ 

A llow 4 to 6 weeks for delivery 

New York and Florida residents add sales tax 


Packaged solidly in leather-type binding, the Berlitz Compre¬ 
hensive Cassette Course contains: 

1. Ten introductory lessons in a 90-minute long first cassette to 
familiarize you with the spoken language. 

2. Forty additional lessons on five convenient 60-minute cassettes 
making a total of 6 V 2 hours of recorded instruction in all. 

3. 6 illustrated workbooks to use with the tapes, each containing 5G 
pages of easy-to-understand, concise information to help you speaF 
with the least difficulty. 300 pages, in all, to get you on the way tc 
fluency in a second language. 

4. A specially prepared, easy-to-use Rotary Verb Finder will help 
you with irregular verb forms—once you're ready for grammar. 

This course avoids the dry and the dull—mixes voices, sound 
effects and useful text in the delightful manner only Berlitz, 
the world’s best known language instructor, can offer. And 
cassettes don’t scratch, don’t warp and don’t unwind—last al¬ 
most indefinitely. Best of all, they are easy to stick in your 
pocket, take along on a trip or use in the car. 

Prepare yourself for a rewarding future. At the same time 
enjoy the social advantages only a second language can bring 
For $85.00, choose the course you need to start talking like a 
native. Use the coupon and order today. 

[ MONEY BACK GUARANTEE Try this Berlitz course for “I 
ten days. If you are not satisfied for any reason, simply return I 
it, and obtain a complete refund. You take no risk, so order I 
today. J 

Want fast service? Pick up the phone 
(our expense) and Dial 800-327-8351 
(Florida Residents Dial 800-432-7521) 

Our operator can take your order—even on a credit card—and 
expedite your instructions. Why not give us a ring—right now! 























